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ABSTRACT

The geographical problem addressed in this study was to reconstruct the
paleogeography o f the western Beteiha Plain, located between Bethsaida and the Sea o f
Galilee and determine its sedimentologic and paleogeomorphologic character. Grain size
analysis o f sediments, along with sediment color was used to reconstruct the landscape
and identify areas such as estuaries or lagoons.
Sediment samples were collected throughout the Beteiha Plain at
selected locations. Excavation and collection was accomplished with hand-driven
core equipment and backhoe trenches.
The multidisciplinary approach used in this project included fieldwork for
sediment collection, laboratory analysis for the production o f the data necessary to
identify areas o f different deposition, and identification o f sediment characteristics
such as grain size and color. Supplemental data used to identify environments o f
deposition were presence o f elastics, pottery shards, roman glass, organic material,
and radiocarbon dates. A geographic information system (GIS) was created as a
means o f producing, storing, and analyzing data.
The results have shown that areas o f quiet and deep (>1-2 meters) water did
indeed exist in antiquity in the area o f the western Beteiha Plain in several locations.
West o f Bethsaida and east o f the Jordan River the sediment texture, color, presence o f
microfossils, gravel, and artifacts has helped to establish a lagoon or inlet that was
probably fed water from the Bethsaida spring. The remnants o f this lagoon are still

visible at the Bethsaida pool with the existence o f a possible anchorage. The presence o f
the pottery shards and glass in the sediments at depths ranging from a few centimeters to
4-5 meters close to Bethsaida show clearly that an inlet or bay existed deep into the
Beteiha Plain in antiquity. The gravels that subsequently completely filled in the bay
provide strong evidence o f the catastrophic flood deposition that brought an end to the
bay. Such a flood, originally hypothesized by Shroder et al, (1999) as a result the failure
o f a seismically induced, slope failure dam and impoundment in the upper Jordan gorge,
appears to have occurred ~ 1900-1600 years ago.
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Chapter I
INTRODUCTION

INTRODUCTION
In recent years archaeologists have enlisted the aid o f many different disciplines
in order to reconstruct ancient cultures and environments. When faced with the dilemma
o f recreating paleogeography, the expertise o f the geomorphologists and GIS analysts has
proven extremely valuable. One such project is the excavation o f the ancient city o f
Bethsaida, located approximately two kilometers north o f the Sea o f Galilee in Israel.
The need has arisen to reconstruct the paleogeography o f the western Beteiha
Plain, located between Bethsaida and the Sea o f Galilee and determine its sedimentologic
and paleogeomorphic character. Through the use o f grain size analysis o f sediments,
along with sediment color and character, taken from the Beteiha Plain it is thought
possible to reconstruct the landscape and identify areas such as inlets or lagoons, because
fine elastics and dark colored organic matter should indicate quiet water conditions
indicative o f such environments. Supplemental data used to assist in the project consisted
o f several radiocarbon dates, pottery shards, Roman glass, organic matter, and the
presence o f microfossils that are further indicative o f quiet water such as a lake or inlet.
Three stages were necessary in order to conduct this research:
1.

Fieldwork to collect sediment and gain knowledge o f the present
landscape;

2.

Laboratory analysis o f the sediment;
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3.

Construction o f a geographic information system (QIS) in order to store,
generate, process, and analyze the sediment data.

The GIS constructed for this project consisted o f field notes, laboratory analysis
results, and the generation o f 2-D and 3-D geographic surfaces that were needed to
reconstruct the paleogeography o f the western Beteiha Plain.

OBJECTIVES
The geographic problem to be addressed in this study is the reconstruction o f the
paleogeographic change through time o f the western Beteiha Plain through a stratigraphic
analysis o f the sediment.
Sediment samples were collected throughout the Beteiha Plain at selected
locations. Fieldwork also included moist Munsell color determination, collection o f
pottery shards and Roman glass, and sample site observations. Excavation and collection
was accomplished with hand-driven core equipment and backhoe trenches. Sediment
samples were transported to the University o f Nebraska at Omaha for further analysis.
Laboratory analysis produced the data necessary to identify areas o f different
deposition. Sediment characteristics that were used are grain size and color.
Supplemental data used to identify environments o f deposition were presence o f elastics,
pottery shards, roman glass, organic material, and radiocarbon dates.
The main objective o f this study is to identify possible locations o f small inlets or
lacustrine environments through the analysis o f sediment texture and color, and
supplemental microfossil data and radiocarbon dates.

3

The construction o f the GIS provided a means o f generating, storing, and
analyzing data. Several surface models were needed in order to determine more precise
elevations for location sites o f samples on the surface and in the subsurface.
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Chapter II
STUDY AREA

The study area for this project was the western Beteiha Plain, Israel, between the
ancient city o f Bethsaida and the modem shore o f the Sea o f Galilee (Figures 1A and
IB). The area is situated in the Dead Sea Trans-Jordan Rift system, which in turn is
located between Israel and Lebanon on its west, and Jordan and Syria on its east. The
western Beteiha Plain constitutes an area o f built-out fluvial delta plain and uplifted lake
floor that has been hypothesized by Shroder and Inbar (1995) and Shroder et al. (2000) to
have been largely produced within the Holocene time period.

CULTURAL HISTORY
Habitation at the city o f Bethsaida began as a great urban center for the Geshurites
around the 10th century BCE. The Geshurites along with the Maacathites, had great
military strength and repelled attacks from the Israelites. An alliance was formed when
King David o f the Israelites married the daughter o f a Geshurite king. The Greeks under
Alexander the Great conquered much o f the Near East, including Bethsaida, around 332
BCE. After revolts by the Macabees in 164 BCE the Hasmoneans gained control o f the
region and the city.

5
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The Roman Empire gained control o f the area in 63 BCE, with Herod the Great
appointed King o f Judea that included the city o f Bethsaida. Upon Herod’s death in 4
BCE his son, Herod Phillip, became king. Herod Phillip rebuilt the city o f Bethsaida in
30 CE and renamed it Bethsaida Julius. Conflict between the Romans and the Jewish
people in 67 CE sparked battles near Bethsaida. By 70 CE Roman troops had conquered
the Jewish cities o f Gamla, Jerusalem, and Masada, and the city o f Bethsaida disappeared
sometime a few centuries thereafter.
Throughout time several attempts were made to find the lost city but none proved
successful. In 1987 Dr. Rami Arav began to research site and identified it as the lost city
o f Bethsaida. The Bethsaida Excavation Project was formed in 1991 and excavation o f
the city began.

SITE SETTING
The Beteiha Plain is approximately 2 km wide and 5 km along the northeast and
eastern shore o f the Sea o f Galilee (Lake Kinneret) and is predominantly flat to gently
sloping. Sedimentation is the result o f long-term fluvial and lacustrine processes
(Shroder and Inbar, 1995).

The area o f study for this project is approximately the

western third o f the Beteiha Plain, which is located between the Meshoshim and Jordan
Rivers from Tel Bethsaida to Lake Kinneret (Figure 2).
A large, deep spring flows west from the Bethsaida archaeological site and into a
small pool (Figure 3). The water from the pool empties into the Jordan River with a
discharge o f approximately 0.02 cubic meter per second (Shroder and Inbar, 1995).
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Shroder and Inbar (1995) have identified several reasons for the ancient selection
o f this location for the original settlement o f Bethsaida. 1 he area is rich in basalt, which
could be used to for construction o f city walls and structures. Its close proximity to
major water sources such as the Jordan River and the nearby Bethsaida spring would
supply the inhabitants with fresh water. Bethsaida's location along major trade routes
would promote commerce. Physical position on a peninsular ridge with inlets and
swampy vegetation be low' would provide protection from enemies. And the rich volcanic
soils o f the area and fishing in the rivers and inlets would provide ample food sources.

Figure 1 . Beteiha Plain with S ea o f G alilee in the background.
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Figure 3. Bethsaida pool and possible anchorage.

REGIONAL GEOGRAPHY AND GEOLOGY
The study area is tectonieally active, as it is located within the Jordan Rift Valley
(Figure 4). This area o f depression is the result o f a tensional graben system located at
the boundary o f the Arabian plate, which is moving in a northerly direction, and the
African plate, which is moving in a southerly direction (Figure 5). Fault lines in the
bedrock in the Lower Galilee are composed mainly o f tilted blocks o f basalt forming
tilted plains that are separated by steeply graded escarpments. Both sides o f the Jordan
River gorge are composed o f basali lava layers. The west side, or Korazim piateau. is
older in age than the eastern lower Golan Heights (Shroder. et al. 2000). The Jordan
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River follows a splay o f the rill fault that connected the now drained Lake Hula to the
Sea o f Galilee (Horowitz. 1979).

Figure 4. Jordan River Gorge looking north.

The Jordan River drains an area o f approximately 1590 km^ and approximately
60 percent o f the Sea o f Galilee basin. This landscape bounds the Sea o f Galilee on the
west, resembling a series o f steps. Picard (1963) reported that the Dead Sea Jordan Rift
could be a result o f lateral compression and the subsequent widening of the Dead Sea.
which resulted from the tension o f the opening o f the crust. An alternate theory
differentiates between block movements along the Dead Sea Rift and the folding along
the Levantine Fold Belt. The latter explanation seems to be the most widel> accepted
because it attempts to attribute the tectonic activities to a single process (Horowitz,
1979). As a result o f the faulting, the area has experienced a multitude o f large
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earthquakes, many o f which have been recorded in such ancient sources as the Bible
(Nur and McAskill, 1991).
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Figure 5. Structural G eology o f the study area (from
Shroder and Inbar, 1995).
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The Jordan River follows along the fault from the now drained Lake Hula to the
Sea o f Galilee and again from there to the Dead Sea (Horowitz, 1979). The area o f
eastern Israel contains three lakes along the Dead Sea-Jordan Rift: Lake Hula, the Sea o f
Galilee, and the Dead Sea. The Sea o f Galilee lies at about 212 meters below sea level
(Horowitz, 1979), although this level fluctuates considerably as a result o f variable
discharge by the Jordan River into the Sea o f Galilee. The Hula Valley, the Sea o f
Galilee, and the Dead Sea are quite different in size but all are Pleistocene in age. The
basin o f the Sea o f Galilee is, however, the youngest, as it began subsiding around 18,000
years ago (Horowitz, 1979).

CLIMATE
The climate o f the region o f Greece, Syria, Jordan, Israel, Lebanon, Northern
Egypt and much o f Turkey is mainly subtropical with rainfall usually occurring in the
winter months.

The northern area is mainly a rainy, subtropical region while the

southern section is mainly a desert. Northern Israel is affected by cyclonic storms,
which blow in from the eastern Mediterranean, and is normally in the winter months.
Rain begins in November and generally decreases and ends in February. With 40 to 60
days o f rain per year the Dead Sea usually receives 75 to 200 millimeters and the Upper
Galilee about 1,100 millimeters. Precipitation increases northward where rains are heavy
and quick. The runofFrainfall ratio is 40% with one-third o f the total runoff in the form
o f floods resulting from rainfall in the northern part o f the catchment (Inbar, 1987).
Temperatures are generally cooler in the north and the mountainous areas. The Dead Sea
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area is the warmest due to adiabatic heating o f the winds coming o ff the mountains
located to the west.

SOILS
There are four main Soil types associated with the uplands o f the region. Terra
rosa soil exists in the upper Galilee and in the Hermon area. These soils have developed
on limestones and dolomites and are the most widespread. Dark rendzina soil occurs in
the Lower Galilee, southern Golan, and on the northern and western slopes o f the Irbid
Plateau southeast o f the Sea o f Galilee. The rendzinas have formed on Eocene
carbonates. Light Rendzinas are located in patches in the Lower and Upper Galilee and
have developed on marls. Brown Mediterranean soils known as grumosols have
developed on basalt and are common in eastern Lower Galilee and the Golan Heights
(Shroder and Inbar, 1995). According to Nur and McAskill (1991) the Sea o f Galilee is
surrounded by basaltic soils identified as a deep brown soil with terra rosa soil farther
inland. The soils on the Beteiha Plain are derived from basaltic materials and are clayey.
These fine-grained soils exist at depths o f 1 to 2 meters atop basaltic gravels (Shroder and
Inbar, 1995). Many o f these soils near Bethsaida have truncated profiles with an absent
“A” horizon because o f long term soil erosion (Shroder, written communication, 2000).

GEOMORPHOLOGY
The lower floodplain o f the Jordan River and the Beteiha Plain has been affected
by a number o f processes. Sedimentation has occurred as a result o f fluvial and
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lacustrine deposition from the Jordan River and transgressive and regressive phases o f the
Sea o f Galilee. These processes have deposited sediment ranging in size from large flood
boulders and gravels resulting from seasonal flooding, sand from stream flow, to silt and
clay deposition in quiet water areas such as an inlet or the Sea o f Galilee. A major flood
in the Jordan River in 1969 created a large delta at the northern end o f the Sea o f Galilee
that did not exist prior to that time (Inbar, 1974).
Catastrophic floods have occurred several times in antiquity. Landslides in the
Jordan River gorge have resulted in natural dams impounding large volumes o f water.
The resulting overtopping and failure o f these dams introduced large amounts o f
sediments and boulders onto the Beteiha Plain (Shroder et al, 2000).
Tectonic uplift has acted to lower the water level o f the Sea o f Galilee and isolate
or destroy inlets, backwater swamps, or bays that may have existed in the past. Evidence
o f higher lake levels is shown by the presence o f lacustrine clay o f the Tabgha formation
in the Jordan Gorge upstream from the base o f the Bethsaida tel.
Anthropogenic influences have also contributed to the geomorphology o f the
Beteiha Plain. Deforestation has resulted in erosion o f topsoil and increase in the amount
o f sediments being introduced into the Jordan River. The diversion o f water from the
Jordan River for irrigation has decreased the volume o f water entering the Sea o f Galilee
resulting in lower lake level. The draining o f the Hula swamp north o f the Sea o f Galilee
has also contributed to modem floodwater and sedimentation to pass through the Jordan
River and onto the Beteiha Plain.
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Chapter III
LITERATURE REVIEW

LAKE AND LAKE LEVEL CHANGE
Shroder (1993) and Shroder et al. (1993) originally hypothesized the tripartite
shoreline change model for Bethsaida to explain the shoreline changes evident at the
Bethsaida site. The model included the following: (1) Land up (tectonic uplift o f the site
along a fault) (2) Water down (downcutting o f outlet mouth o f Sea o f Galilee) and (3)
Shore out (extension o f the Jordan River delta past Bethsaida and into the Sea o f Galilee).
As a result o f extensive fieldwork along the Jordan Gorge between the Galilee and Hula
basins, Shroder et al. (2000) have further refined the tripartite model to include several
hypothesized events to explain the data: (1) an initial >20,000 years BP Tuba 1 slope
failure and impoundment o f water in the Jordan River Gorge ending with impoundment
overtopping and a catastrophic breakout flood and complex deposition that established an
embayed coast in what is now the western Beteiha Plain; (2) growth o f the city o f
Bethsaida at the edge o f the embayed coast and resulting anchorage occurring around
-5,000 years BP; (3) diminution o f the Bethsaida anchorage as a result o f continued
deltaic growth by the Jordan and Meshoshim rivers as well as possible “shore up” and
“water down” effects, all occurring approximately 2,000 years BP; (4) a second Tuba
slope failure and catastrophic breakout flood that resulted in the final destruction o f the
Bethsaida anchorage about ~1,600 years BP. Shroder and Inbar (1995) have also
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identified features in the Beteiha Plain that may be paleochannels and the remnants o f a
filled inlet.
Kraft et al. (1985) studied sea level fluctuation and determined that shoreline
transgressions and regressions have caused burial or destruction o f many archaeological
sites as well as the isolation farther inland o f a site that was once a coastal area. Inland
sites can frequently be identified as ancient ports. Tectonically active coastal zones can
also cause cities to erode or disappear into the sea due to the slow doWnwarp or upwarp
o f the land surface. Kraft et al, (1985) also noted that coastal reconstruction is based on
the ability to predict, using surficial geomorphic and sedimentologic data and subsurface
drilling or geophysical data, what a coastal environment would be like in a given time
period.
Y. Ben-Arieh (1965) has done extensive research regarding lake level fluctuations
o f the Sea o f Galilee. He has classified three types o f fluctuations: annual seasonal
fluctuation, fluctuations in historical periods, and prehistoric fluctuations. Natural annual
fluctuations due to distinct rainy and dry seasons have been observed and recorded by a
number o f scholars since the 19th century. Ben-Arieh also noted that evidence in historic
and prehistoric periods supports the idea that a lake level in antiquity was at least as high
as the modem level. He bases these assumptions on a balance o f water input and output.

LANDSLIDES AND NATURAL DAMS
Landslides and natural dam failures in the Jordan Gorge and elsewhere have been
researched by a number o f scholars (Inbar and Even-Nir, 1989), (Costa and Schuster,
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1988). Inbar and Even-Nir (1989) have determined that climatic events, the draining o f
the Hula Swamp, and human induced erosion have played an important role in landslide
occurrences along the Jordan gorge. The source o f the material transported during floods
consists o f the basaltic lava flow materials o f Quaternary age. Inbar and Even-Nir (1989)
also noted that high magnitude events are capable o f transporting all material sizes.
Costa and Schuster (1988) have determined that the 2 major causes o f damforming landslides are excessive rainfall or snowmelt and earthquakes. They have
classified landslide dams into 6 categories which include: (1) dams that do not reach the
other side o f the valley; (2) dams that span an entire valley floor and possibly extend up
the opposite valley wall; (3) dams that move both upstream and downstream; (4) failure
on both sides o f the valley which is extremely rare; (5) landslides that send multiple
debris toes into a valley and form more than one dam; and (6) one or more failures that
can extend under the stream or valley. S.C. Chang (1984) noted that strong magnitude
earthquakes and heavy rainfall could trigger landslides, with enormous volumes o f
material involved. Costa and Schuster (1998) concurred with Chang in that most dams
fail soon after they are formed, with overtopping as the major cause o f failure. The
magnitude o f the flood and timing o f the failure are a result o f the size and geometry o f
the dam, material, inflow, size and depth o f the impoundment, bedrock control o f the
flow, and engineering controls.
Shroder et al. (2000) mapped ancient landslides located along the Jordan River
Gorge. These slope failures blocked the Jordan River Gorge at least twice in antiquity,
impounded the water, and resulted in catastrophic floods that dramatically affected the
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Beteiha Plain. Boulders located downstream from the landslides in the Jordan River
Gorge have been measured and their sizes used to estimate velocities and power o f
breakout floodwaters due to the landslide dams in the Jordan River Gorge. These
landslides are the probable source o f gravel layers present in the stratigraphy o f the
Beteiha Plain study area (Shroder and Inbar, 1995; Shroder et al, 2000).

SEDIMENTOLOGY
The Beteiha Plain is composed o f Quaternary sediments that are the result o f
fluvial and lacustrine sedimentation. Clay and silt particles are transported by the Jordan
River under most flow conditions. Suspended sediment consists o f about 50% clay, 40%
silt and 10% sand-sized particles. Coarse sediments are deposited in the braided system
o f the river above the Sea o f Galilee, with sand particles settling out mainly in the sub
aerial and subaqueous delta (Inbar, 1987). An increase in flow velocities during a
catastrophic flood event in January o f 1969 transported Vz to 1 million tons o f sediment
into the Sea o f Galilee. This flood moved large boulders, formed bars, and completely
reshaped the channel morphology o f the Jordan River. A new delta was also created
which has acted as a barrier to additional sediment being introduced into the sea (Inbar,
1987). The braided channel area is composed o f pebbles and boulders. The source o f
these sediments is the canyon walls o f the Jordan River between the Sea o f Galilee and
the Hula Valley, with the largest boulders traveling a few hundred meters and particle
size decreasing downstream (Inbar, 1977).
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Lacustrine sediments are presently being deposited in the Sea o f Galilee. These
sediments are primarily silts and clayey silts that are dark brown to black (Shroder, 1995;
Nir, 1986), contain clay and silt percentages o f 20-30% and 20-60% respectively (Inbar,
1974), and are rich in carbonates (Horowitz, 1979; Nir, 1986). Shroder and Inbar (1995)
have identified features on the Beteiha Plain that may be paleochannels and the remnants
o f a filled inlet. Sediment known as the Tabgha Formation has been deposited on the
Beteiha Plain during transgressive phases o f the Sea o f Galilee (Shroder and Inbar, 1995).
This formation is composed o f fine clastic particles with small portions o f quartz, chert,
limestone, basalt, and dolomite sand sized grains, mostly supplied by the Jordan River.
Its color tends toward dark brown to black (Horowitz, 1979).
Sedimentation rates from the Jordan River into Sea o f Galilee have been studied
extensively, lending validity to the theory that the Sea o f Galilee shoreline o f antiquity
extended farther northward. Inbar (1977) noted that the Jordan basin sediment yield is
mainly transported in solution with a recent increase in sediment yield due to human
interference. Under most conditions clay and silt are transported, with sand particles
being included during higher flow velocity stages such as floods. Lake bottom sediments
showed high clay and silt percentages at 20-30% and 20-60% respectively (Inbar, 1974).
Inbar (1974, 1977) has also determined that the artificial drainage o f Lake Hula has
removed a natural sediment trap and not only caused an overall increase in sedimentation
rates, but the action allowed the 1969 flood to form a new Jordan delta. Approximately
70,000 tons o f sediment, most o f the river’s annual discharge, was deposited in Lake
Hula and its swamps before they were drained (Inbar, 1982b). The total annual
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deposition o f detrital sediment onto the Beteiha Plain has increased from 20,000 tons per
year in historic time to 128,000 tons per year (Inbar, 1982b). The suspended sediment
being transported in the Jordan River consists o f approximately 50% clay, 40% silt, and
10% sand (Inbar, 1982a).
Stiller (1979) has also investigated the influence o f the Lake Hula drainage on the
sedimentation rate in the Sea o f Galilee. She concluded that 5 specific anthropogenic
activities have changed the natural hydrology o f the Sea o f Galilee: the draining o f Lake
Hula and nearby swamps; the diversion o f saline springs from the lake’s western shore;
the construction o f the Deganya dam at the southern outlet o f the lake; channel widening
o f the upper Jordan River; and the digging o f irrigation and drainage channels in the Hula
area.
C. Serruya (1976) who placed sediment traps 1 to 1.5 meters above the lake
bottom has also researched rates o f sedimentation. The traps were retrieved and analyzed
once a month. As expected, the maximum sedimentation rate was found in the
northernmost trap indicating an increase in sedimentation and building out o f the
shoreline.
Nir (1986) obtained about 100 samples from the upper 5-10 centimeters o f the
lake bottom sediments. Medium depth water, 15 to 20 meters, contains 40-70% silt and
15-30% clay. Deep water, 20 to 44 meters, contains clayey silts consisting o f 50-70% silt
and 30-50% clay. An average deposition o f the Tabgha formation sediment o f about 1
millimeter per year suggests a rate o f about 1 meter o f deposition in the past 600 years for
this black silty-clay (Horowitz, 1979).
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PALYNOLOGY
Mina Weinstein-Evron and Silvia Chaim (1995) o f Haifa conducted an
assessment o f some pollen grains as an offshoot o f this thesis. The results reported in a
later section indicate that pollen representing a number o f plants that were present on the
Beteiha Plain can be used to assist in the reconstruction of the landscape.
King (1985) and Hassan (1985) point out the utility o f pollen analysis for
archaeological purposes and the reconstruction o f both paleoclimate and geomorphic
landscape. Sedimentologic and stratigraphic studies are considerably improved by the
additional analysis o f paleosols, fauna, pollen, and plant remains. By correlating
stratigraphy with pollen chronologies, paleoenvironmental reconstruction can be
developed for a site. Vegetation and climate changes are also significant in these types o f
studies. King (1985) noted that pollen analysis has been very successful in Mexico and
the southwestern United States because o f the preservation factors associated with a
semiarid environment, which might have relevance for the study herein.

PALEONTOLOGY
The study o f fossil microorganisms provides excellent information on habitat
character for environmental reconstruction. Special effort in this study was made to find
microfossils in the sediment. Nir (1986) reported that both ostracoda and sponge remains
are found in the deep-water sediments o f the Sea o f Galilee.
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ENVIRONMENTAL RECONSTRUCTION
Reconstruction o f any ancient environment such as this one is closely related to
stream alluvial histories, especially in semiarid regions such as Israel. Variations in
rainfall, fluctuation in the water table, hill-slope erosion, and deforestation cause changes
in the drainage systems. Streams will react by aggrading and depositing sediment or
degrading and eroding sediments and artifacts. The grain size, sorting, and structure is
indicative o f the conditions that caused the alluviation.
Matthew Canti (1995) suggested that the layers that hold the archaeological
record are significant when making the final interpretation o f an archaeological site. An
account o f the original depositional processes is possible through soil and sediment
analysis. Particle size analysis can be useful when studying large areas o f sediments and
their gross stratigraphical relationships with some degree o f statistical reliability. This
can yield information regarding broad stratigraphy and important background
information on many other aspects o f soil behavior and sediment depositional processes.
In the case o f the Beteiha Plain the flow o f the Jordan River into the Sea o f
Galilee along a major fault zone suggests that some combination o f fluvial, lacustrine,
and tectonic forcing o f landform change through time has resulted in the topography o f
today. Reconstruction o f the environments o f antiquity in the western Beteiha Plain thus
must entail an assessment o f the stratigraphy o f the area in order to determine past
processes and landforms. It is the purpose o f this thesis to accomplish this assessment.
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Chapter IV
METHODOLOGY

INTRODUCTION
As previously stated, the objective o f this study was to reconstruct
paleogeographic change o f the Beteiha Plain through time in order to identify areas such
as buried lagoons and inlets. Three distinct stages were necessary to complete this
project:
1. Field work to acquire sediment and other data relative to the study;
2. Laboratory analysis o f sediment;
3. Construction o f a geographic information system (GIS) in order to store, generate,
process, and analyze the data.
Tables, charts, maps and stratigraphic column worksheets were also generated with the
purpose o f displaying the results o f laboratory analysis in several forms.
Data acquisition during fieldwork consisted o f collecting sediment, locational
information in the form o f GPS coordinates, and descriptions o f physiographic features
present at each o f the sites. Organic matter samples were also collected at selected sites
chosen by Dr. John F. Shroder in order to conduct radiocarbon dating. These dates
assisted in the analysis o f sediment indicative o f quiet water environments such as inlets
or backwater swamps.
Data generated from laboratory analysis was used to generate stratigraphic
columns o f sediment and soil type that was to determine environments o f deposition or
soil formation. Selected samples were also investigated for the presence o f microfossils
occurring in sediments indicative o f quiet water conditions.
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The geographic information systems (GIS) was generated using the data produced
during field work, from the laboratory analysis o f the sediment, and from data generated
from a topographic map o f the Beteiha Plain. The data collected in the field included
moist Munsell color, visual identification o f surface material and vegetation, presence o f
organic matter, and presence o f artifacts. Data resulting from laboratory analysis
included grain size and microfossil collection and identification. The topographic map o f
the Beteiha Plain was used to generate elevation data in the form o f elevation points and
hypsography, hydrology, and a 2-D and 3-D surface representation o f the Beteiha Plain.
This map was also used to position sample locations and ground control points as
accurately as possible on the landscape.

DATA ACQUISITION
Fieldwork was conducted along the western Beteiha Plain from June 10 to July 13,
1994, under the supervision o f Dr. John F. Shroder, Jr., in conjunction with the Bethsaida
Excavation Project. The fieldwork consisted o f the excavation o f a total o f 22 backhoe
trenches and 5 borehole cores at selected sites upon the Beteiha Plain. Based on his best
assessment o f subtle terrain variations, Dr. Shroder chose the excavation sites (Figure 6).
These variations included; areas o f slightly lower elevation that could have been
paleochannels, superficially finer grained sediments that may be indicative o f former
lacustrine environments, and areas close to Bethsaida that could have been former
anchorages. Specifically excluded were areas adjacent to the main east-west highway
passing through the area in order to avoid disturbance to the sediment caused by road
construction.
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Figure 6. Trench site selection on the B eteiha Plain.

A total o f 17 ground control points were identified and longitude and latitude
coordinates determined through the use o f global positioning system (GPS). The purpose
o f collecting ground control points w as to perform geometric correction on the sample
location points in order to more accuratel> position them on the landscape (Figure 7).
Sediment samples were extracted from the lowest level o f each layer o f strata in
the backhoe trenches and from each core sample identified as different from the previous
sample. This visual determination was made according to changes in color and'or
texture. Each sediment sample was bagged and identified with the sample site name and
sample number, moist Munsell color designation, and sample number.
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Figure 7. Obtaining globaJ positioning.

Shells, potterj’ shards, and pieces o f Roman glass p'eces were also collected if
present in the sediment. Depth measurements for each sample were recorded in
centimeters. Depth o f the trench or core was also recorded as well as the presence o f the
water table (Figure 8).
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Figure 8. Sam ple collection From a backhoe trench.

LABORATORY ANALYSIS
Samples were packaged, labeled by site location, and prepared for transport to the
University o f Nebraska at Omaha (UNO). Laboratory analysis at UNO began with
samples selected for processing.
Texture analysis was conducted on every sample collected at each sample site.
Such variability was used to determine the environment o f deposition by delineating
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sedimentation o f different character. A calgon solution was used to disperse the
individual grains and the “Bouyoucos Method” o f measuring the density o f a solution
with a hydrometer was used in order to determine the percentages o f sand, silt, and clay
present in the sample (Buol et al. 1989).
The Weizmann Institute o f Science in Tel Aviv, Israel, conducted radiocarbon
dating, in order to date the fossil-bearing strata. Radiocarbon dating can be used to date
any organic material including wood, bone, and shell (Stein and Rowe, 1989).
The laboratory analysis involved the determination o f the percentages o f sand,
silt, and clay in each sample by using the Bouyoucos textural analysis method, which
measures the settling velocity o f soil or sediment particles as determined by the density of
the liquid and shape o f the particle. This procedure is based on Stokes Law, which
accurately predicts the fall velocity o f particles silt sized and smaller (Leeder, 1982). The
composition o f sediment in terms o f the particle size is an important clue to its origin
(Evans, 1978). This procedure was used because it produces quantitative, precise data.
Analysis began by air drying and grinding approximately 100 grams o f the sample with a
mortar and pestle until the individual peds were broken. Care had to be taken with this
procedure so that the actual grain size o f the sediment or soil would not be altered. After
grinding 50 grams o f the sample was transferred to a 250-300-ml Erlenmeyer flask.
Added to the ground sediment/soil was 100-ml o f dispersing solution (50 grams o f
sodium hexametaphosphate diluted to 1 liter). This mixture was shaken and allowed to
stand for 48 hours in order to allow dispersal o f the individual grains. After dispersal the
mixture was transferred to a 1000-ml cylinder and filled with distilled water to the 1000-
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ml mark. A plunger was then inserted into the suspension and mixed until a uniform
suspension was obtained. After removing the plunger the time was recorded and a
hydrometer placed into the solution and a reading taken 40 seconds from the recorded
time. The hydrometer was then reinserted into the solution after 6 hours and 52 minutes,
allowing the silt-sized particles to settle leaving the clay-sized particles in solution.
Correction was made for temperature effects on the density o f the dispersing
solution. This was accomplished by mixing 100-ml o f dispersing solution with 880-ml o f
distilled water in a 1000-ml cylinder. The solution was not diluted to 100-ml in order to
account for the volume occupied by the soil/sediment sample. The hydrometer was
inserted and read and subtracted from the reading obtained from the sample suspension.
The temperature o f the solution was taken and 0.2 units added to the hydrometer reading
for every degree above 67° Fahrenheit and 0.2 units subtracted for every degree below
67° Fahrenheit.
Percentages o f sand, silt, and clay were calculated using the following
formulas:
% Clay = corrected hydrometer reading at 6 hrs. 52 min. x 100/sample weight
% Silt = corrected hydrometer reading at 40 sec. x 100/sample weight - % clay
% Sand = 100% - % silt - % clay

These figures were used to determine the textural designation for each sample.
The results o f this procedure are presented in Appendix A. Textures were determined for
both soil and sediment using sediment and soil textural triangles (Figure 9).
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Figure 9. Sedim ent and soil textural triangles.
(Rapp and Hill, 1998).

Moist Munsell color had been determined in the field.

This information was

added to the database and included in the final tables, which also included sediment/soil
type and depth o f the sample. These tables are found in Appendix B.

Histograms

representing the percentages o f sand. silt, and clay were generated using SPSS software.
The histogram is a conventional mode o f describing the distribution o f sediment or soil
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and shows the relative amount o f particular size categories within a deposit (Rapp and
Hill, 1998). These histograms are located in Appendix C.
Microfossils were collected from samples taken from sample locations 31 and 32.
Collection was accomplished by soaking a small amount o f sediment (approximately 3
grams) in a calgon solution in order to disperse the individual sediment grains. The
sample was then viewed under the microscope and fossils collected and placed on a slide.
The slide was labeled with the sample location and any other identifying features were
logged in a journal. Select microfossil samples were photographed using a scanning
electron microscope located in the Cancer Research Institute at the University o f
Nebraska Medical Center. The results produced during fieldwork and laboratory analysis
were used to determine environments o f deposition and recreate paleogeography on the
western Beteiha Plain.

GEOGRAPHIC INFORMATION SYSTEMS
Data were then entered into the GIS in order to generate, store and organize the
data as well as to conduct any spatial analysis that would assist in identifying landscape
trends and generate supporting cartographic output. The goal o f the geographic
information system was to store, organize, generate, analyze the data, and
cartographically display the results. The results produced, when combined with
laboratory results, allowed a reconstruction o f the sedimentologic and paleogeographic
features o f the Beteiha Plain through time, with an emphasis on possible locations o f
inlets or other quiet water bodies on the Beteiha Plain.

32

Sample Site Database
An EXCEL spreadsheet was used to store all sample site and ground control
point information. The information entered into the database during fieldwork consisted
o f location in degrees-minutes-seconds, Munsell number and color, and any additional
comments regarding the location. After texture analysis was completed, texture
designation was also entered into the database.

Hardware and Software Selection
The GIS software chosen for this project was Arclnfo 7.2 and ArcView 3.1
along with its extensions, 3-D Analyst and Spatial Analyst. Both software packages are a
product o f Environmental Systems Research Institute in Redlands, California. These
packages were selected because o f their ability to generate a coverage from a text file o f x
and y coordinates, convert data into a Universal Transverse Mercator (UTM) projection,
register and rectify imagery, and generate data layers with on-screen digitizing. A Sun
Systems Ultra 10 UNIX workstation was used to run Arclnfo 7.2 and the UNIX version o f
ArcView 3.1. An ArcView 3.1 PC version was also used on a Dell Pentium III, 500
MHz processor with an 8 GB hard drive and 128 MB RAM.

Generation of Data Layers, Tables, Charts, and Worksheets
Several GIS data layers needed to be generated in order to accurately place the
sample location on a map and generate supporting data layers These data layers
included:
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1. A point coverage o f the sample locations and ground
control points;
2. A hypsography coverage used to generate a surface;
3. A hydrology coverage to be used as breaklines and for cartographic
representation.
These data layers were used to accurately place sample location on the Beteiha
Plain, identify sediment texture at sampling depths at those locations, generate an
elevation surface to be used in a 3-dimensional representation o f the samples, determine
the elevation at each sample location, and generate cartographic information to aid in the
visualization o f paleogeography.
Data tables were generated using Microsoft EXCEL97, generated by Microsoft
Corporation o f Seattle, Washington. The tables needed for this project included results of
grain size analysis and o f color/texture (Appendix A). Data charts were generated using
SPSS version 8.0. These charts consisted o f histograms o f the percentages o f sand, silt,
and clay for each sample location (Appendix B). Stratigraphic worksheets and maps
were constructed in ArcView 3.1 (Appendix C). The stratigraphic worksheets consisted
o f a stratigraphic column showing moist Munsell color, sediment texture, location map,
date o f sample collection, depth o f trench or core, elevation, boulder measurements,
presence o f organic matter or artifacts, geographic coordinates, surface elevation, and any
accompanying field notes.
Maps that were constructed using ArcView 3.1, with the purpose o f determining
paleogeography, included maps o f locations and percent o f sand, silt, clay, pottery shards,
Roman glass, gravel layers, and shells (Appendix D). Maps were also constructed as
“depth slices” estimating the locations o f different sediment types at predetermined
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depths (Appendix E). These “depth slice” maps are made on segments o f stratigraphy at
certain intervals above or below a definable surface (Krumbein and Sloss, 1963). These
depths were determined by natural breaks in the clusters o f samples and an attempt to
incorporate as many samples as possible into a time slice. These maps assisted in
reconstructing the landscape at certain depths by determining the environment o f
deposition using sediment type and color, as well as a map depicting sediment
percentages.
The first task consisted o f registration and rectification o f a topographic map o f
the study area (Figure 10). This step was necessary in order to overlay additional
datasets, generate new data such as hypsography and hydrology, and measure distances in
real world coordinates (ESRI, 1996). This particular map was chosen because o f the
large scale (1:20,000) and a contour interval o f 10 meters. The year o f production o f this
map was 1966, thus any hydrology digitized from this map is most likely not
representative o f present day conditions because o f the nature o f streams to meander.
The Beteiha Plain section o f the map was scanned at 600 dpi and converted into a TIFF
image. ERDAS Imagine software was used for the actual registration and rectification.
The resulting imagine file was in Universal Transverse Mercator (UTM) zone 36
coordinates, EUR S datum, International 1909 spheroid, and projected units as meters
(ESRI, 1994).
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Step 2 consisted o f digitizing the hypsography, elevation benchmarks, and
hydrology within the study area (Figure 11). These data were taken from the topographic
map o f the area. Because the topographic map had been geo referenced, the resulting data
was also georcferenced. meters being the distance unit. All digitizing was done using
ArcView 3.1 with the resulting data in the native ArcView shapefile format.
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Figure 11. IK psogiapliy and elevation points digitized
from topographic map.
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Surface hydrology was also digitized from the topographic map. The hydrology
was used to represent breaklines when generating an elevation surface, and for
cartographic representation but does not accurately reflect the current position o f
hydrology.
The sample site locations, as well as the ground control point locations, were
converted into an ArcView shapefile by generating a text file that consisted o f a record
number, sample location number, and X-Y coordinates for each point in decimal degrees.
The X-Y coordinates were taken from the latitude and longitude locations collected by
the GPS unit at each study site or ground control point. The GPS coordinates were
converted from latitude/longitude to decimal degrees using the following equation:
(degrees + (minutes / 60) + (seconds / 3600)). The table was then imported into ArcView
and the AddEventTheme option used to generate a shapefile using the coordinates in the
sample location point/ground control point table. The resulting point shapefile was also
in decimal degrees. Attribute information associated with each site was then joined to the
attribute table o f the sample points shapefile using ArcView’s ability to connect an
EXCEL spreadsheet to a shapefile using a common field, in this case the sample location
number (ESRI, 1995). The attribute data consisted o f type o f sediment, Munsell number
and color o f sediment, micro fossils present and their depth in meters to the sample,
presence o f potsherds and/or Roman Glass as well as dates, and any radiocarbon dating
information obtained for the sample.
Locational correction was needed in order to reduce the amount o f error inherent
to locations acquired by global positioning systems. Sources o f error involved with GPS
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are atmospheric conditions, type o f equipment used, and the selective availability o f
satellites (SA). Selective availability was designed to deny hostile forces a tactical
advantage when using Global Positioning Systems (Trimble Navigation, 1989). An
exhaustive search for any type o f base station information that could be used for
correction purposes yielded no results. It is assumed that the political and religious
situations o f the state o f Israel have caused this type o f information to become classified.
Because o f this fact, geometric correction was not performed. Instead, field notes and
maps were used to slightly reposition sample locations into more accurate positions in
order to decrease the amount of positional error. The samples were then incorporated
with the topographic map and cartographic output produced (Figure 12).
An ArcView shapefile was also generated that contained a record for each o f the
139 sediment samples taken from the Beteiha Plain. Special consideration had to be given
to the samples taken at location number 12. It was observed in the field that an estimated
1-meter o f surface sediment had been removed by a bulldozer from this location. For
analysis purposes, 1 meter was added to the depths o f the samples taken from that
location.
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In order to generate a representative elevation surface o f the Beteiha plain the
hypsography shapefile was converted to a series o f points with the appropriate elevations
associated with each point. This was accomplished through the use o f the AVENUE
script Line2Point.ave, written by Teresa Silence (Appendix F), GIS Program Manager,
Applied Data Consultants, Inc., o f Omaha, Nebraska. AVENUE is the native
programming language o f the ArcView desktop GIS software. The resulting shapefile
was then merged with the shapefile o f elevation points by using the ArcView
Geoprocessing extension Merge option. This combined shapefile was then used to
generate a 2-dimensional surface o f the Beteiha Plain based on elevation.
The Spatial Analyst and 3-D Analyst extensions were used in ArcView 3.1 to
generate a triangulated irregular network (TIN) o f the elevation point shapefile generated
above. A TIN is a set o f adjacent, non-overlapping triangles computed from irregularly
spaced points with x-y coordinates and z values and allows for the efficient generation of
surface models for the analysis and display o f terrain (ESRI, 1991). After adding the
extensions and the elevation point and hydrology shapefiles to the ArcView project, the
“Create Surface” option was chosen. The height source used in generation o f the TIN
was the elevation attribute attached to each contour line o f the hypsography and elevation
point shapefile. ArcView uses the hydrology coverage to calculate breaklines, which are
linear features on the terrain such as roads or ridgelines. Breaklines are maintained as
triangles during the TIN process and represent natural barriers on the surface and
generated a more accurate representation o f the landscape. The generation o f the surface

41

allowed more accurate placement o f the sample location by placing an elevation value on
the surface as well as with each sample taken from that position.
Maps were also constructed o f “depth slices” which estimate the locations o f
different sediment types at predetermined depths (Appendix E). These maps were
constructed in order to portray possible environments o f deposition that would have been
present on the landscape during the “time slice”. This method was chosen in order to
capture the paleogeography at a certain time as opposed to selecting an elevation and
generating a cross-section at that elevation. The depths selected were determined by
natural breaks in the clusters o f samples and an attempt to incorporate as many samples
as possible. As a result, the depth intervals are not o f uniform. These maps assisted in
reconstructing the landscape at certain depth slices by determining the environment o f
deposition using sediment type and color.
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Chapter V
RESULTS AND DISCUSSION

INTRODUCTION
The results produced in this study included: (1) georectification o f a topographic
map; (2) generation o f hydro logic data; (3) generation o f hypsography data; (4)
generation o f elevation data; (5) generation o f sample sites data; (6) generation o f ground
control points data; (7) generation o f cartographic output; (8) generation o f tables, charts,
and stratigraphic column worksheets; (9) generation o f histograms and maps o f sediment,
the presence o f organic matter, pottery shards, gravel, and micro fossils in sediment; (10)
identification o f any soil development; (11) results o f radiocarbon dating; (12) and results
o f palynology.

RESULTS

Topographic Map
The georectified topographic map o f the study area allowed for the generation o f
hypsography, hydrology, and surface elevation data as well as the correct placement o f
sample points on the Beteiha Plain (Figure 9).
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Sample Locations and Ground Control
Ground control points were used to correctly place the sample locations on the
Beteiha Plain (Figure 11). These data were used to accurately identify locations that
contained data representing characteristics o f quiet water such as bays or inlets.

Cartographic Output
The cartographic output generated for this study consisted of: a georectified
topographic map (Figure 8); a map with sample locations (Figure 11); maps showing the
locations o f pottery shards and Roman glass, gravel, and shells (Appendix D); and maps
depicting sediment percentages in the form o f histograms as specific “depth slices”
(Appendix E).
Pottery shards and Roman glass appeared in two distinct locations, just west o f
Bethsaida in a grassy pasture area and north o f the Sea o f Galilee along the Jordan River
(Appendix D). The distribution o f pottery shards and glass was surprising because some
Roman glass was 4.01-5.08 meters deep in cores, sample locations 31 and 32, which
indicates that deep water existed at these locations so that the pottery and glass was
emplaced by flooding or being dropped out o f boats when this location was lacustrine. It
was also surprising that the stratigraphic context showed a rather random vertical
distribution o f artifacts completely out o f normal stratigraphic superposition order. This
implies that artifacts o f all ages were intermixed and mingled together by subsequent
flood deposition into deep inlets.

44

Gravel appeared in the sample locations on the pasture on the west side of
Bethsaida (Appendix D). These gravels appeared between 0.75 and 2.0 meters. The
layers beneath the gravel contained higher amounts o f clay indicative o f quiet water. The
presence o f gravel on top o f the clay is an mdication o f a high-energy flood deposition
into lake clays.
Small shells and shell pieces appeared at locations 20, 21, and 3 near the Sea o f
Galilee and locations 12, 14, 31, and 32 west o f Bethsaida (Appendix D). The shells
located near the Sea o f Galilee support the supposition o f a high energy beach
environment and some possible relocation due to floods. The shells located west o f
Bethsaida were most likely a result of flood deposition. A possible source o f these shells
could have been the now drained Lake Hula.

Microfossils
Microfossils were collected from samples taken from sample locations 31 and 32.
Ostracoda and foraminifera were found in both locations. At sample location 31 the
ostracoda and foraminifera were located from 1.33 meters to 5.64 meters and at sample
location 32 they were located between 3.18 meters and 5.72 meters (Figure 13 and Figure
14). Various groups o f the phylum Protozoa, in particular the foraminifera, occur in
marine and freshwater sediments. Foraminifera are single-celled animals that are
preserved because o f a calcareous or siliceous skeleton or shell. They are good climatic
indicators used in coastal studies and deep-sea core work. Crustacea such as ostracods
are valuable in palaeolimno logical work such as the study o f ancient lake sediments
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(Evans, 1978). Ostracode are a small bivalve crustacean related to crabs and cra> fish and
are usually no larger that a pinhead.
Molluscs such as gastropods were also present in some o f the samples. These
creatures occur in a variety o f coastal deposits such as beach sands, cemented gravels,
and quiet water clays (Evans, 1978). Where gastropods were present it was noted in the
field notes and s reflected in the stratigraphic column worksheets.

Figure 13. Ostracod specim en photographed using a scanning electron
microscope.
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Figure 14. Foraminifera specim en photographed using a scanning electron
m icroscope.

A fossil green algae stiucture was also found ai sample location 32 between 3.18
and 3.40 meters (Figure 15). They appear to be oogonium, a fossilized part o f a
charophyte, which ranges from the Devonian to Recent time. The modem form is a
bushy plant from 4 to 24 inches tall, and found growing in clear, quiet waters o f lakes and
ponds. It can also be found in near-shore waters o f lagoons, inlets, and sound areas
where there is a high influx o f fresh water. The plant secretes lime that calcifies and
preserves certain parts o f the plant, including the oogonium. The oogonium is the most
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commonly found and is usually a sub-spherical, pyrilbrm, or lenticular calcareous body
with cells arranged in sinistral or dextral spirals (Jones. 1956).

Figure 15. Charophyte m icrolbssil similar to those found at sam ple loeation 32.

Palynoiogy
Weinstein-Evron and Chaim (1995) analyzed pollen samples extracted from
sample location 32. The results o f the paly nological analysis arc summarized in Table 1
below. The species represented in the pollen fraction include a number o f different
plants. The arboreal pollen represents typical Mediterranean types o f trees such as
Q uercus

sp., P is ta c ia sp., and F in n s h a le p e n s is { Weinstein-Evron and Chaim, 1995).

The non-arboreal or scrub-bush pollen consisted o f such species as Gramineae,
Chenopodiaceae, Umbelliferae and some plants pollinated by insects such as
Papilionaceae and Labiatae. The hydrophilous pollen indicates the presence o f such
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water plants as M y r io p h lliu m s p ic a tu m and other bank trees and wet marshy/land plants
such as S a lix sp., s p a rg a rtiu m n e g le e turn, T y p h a sp., Cyperaceae, R u b u s s a n c tu s ,
P a ly g o n u m S d lic ifo liu m , J u n c u s

sp., T a m a r ix sp., and L y th r u m sp. O f particular interest

is the presence o f T ilia , a plant not indigenous to the area and probably a result o f some
type o f human import.

DEPTH IN
METERS

ARBOREAL

NON
ARBOREAL

HYDROUS

0.43
0.7
1.03
1.3
1.58
1.78
1.84
2.22
2.48
2.68
2.99
3.18
3.4
3.69
4.01
4.47
5.08
5.72

3
0
1
0
5
29
20
4
3
5
7
7
6
8
12
18
37
57

1
0
5
0
0
1
6
1
3
3
2
4
4
0
8
26
118
262

1
0
0
0
0
L

3

0
__ 0
0
0
1
0
0
0
2
14
44
89

Table 1. Number o f pollen grains extracted at sample depths.

Radiocarbon dating
The results o f the Radiocarbon dating o f material extracted at select sites along
the Beteiha Plain are listed in Table 2.
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Sample Location

S L P32

S L P32

S L P 12

Depth

1.94 meters

4 2 2 meters

3.0 meters

14C Dale (yr. B J .) 1

3450 + 50

8310 + 65

15,040 + 170

Calibrated Galendirecal

1 sigma4 calibrated

Mean date2 (yr. B J .)

yr. B.P. calibrated yr.

calibrated yr. B J .

(yr. B.GEV C E.)3

B .C E J C E .

calibrated yr. B.CE./B.P.

B.P. 3327

B.P. 3365 - 3257

BJ*. 3424 -3200

B .C E. 1378

B .C E . 14 1 5 -1 3 0 7

B .C E . 1474 -1250

B.P. 8866

B J . 8949 - 8686

B J . 8989 - 8564

B .C E .6917

B .C E . 6999 - 6736

B .C E . 70 3 9 -6 6 1 4

BJ*. 17,526

BJ*. 17,732 -17,320

B.P. 17,936 -17,108

B .C E. 15,577

B .C E . 15,783 -15,370

B .C E . 15,986 -15,158

2 sigma?

1. Back calculate dated form before present (B.P.) starting at 1950 C.E. (A.D.)3
2. Radiocarbon dates are calibrated according to Stuiver and Pearson (1986), Pearxon and Stuiver (1986), and Stuiver and
Reimer (1993); method A was used.
3. Calendrical designator B.C. (Before Christ) = B.C.E. (Before Common Era); A.D. (After God [Christ])= C.E. (Common Era)
4. 1 sigma = 68.3% chance of real date foiling within this range of one standard deviation from the mean
5. 2 sigma = 95.4% chance of real date foiling within this range of two standard deviations from the mean.

Table 2. Results of radiocarbon dating (Shroder et al, 2000).

Sample location 12 is a backhoe trench and sample location 32 is a borehole core taken at
a site that displayed evidence o f a lacustrine environment that warranted further study.
Sample location 12 has a radiocarbon date o f 15,040 ± 170 years at a depth o f 3.0
meters. This sample was taken at the bottom o f the backhoe trench and included small
shells. At this depth there is evidence o f wet sand, clay and many shells. The texture
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classification for this sediment is silty sand and the Munsell color designation is dark
yellowish brown.
Sample location 32 had radiocarbon dating done at depths o f 1.94 meters and 4.22
meters. The sample at depth 1.94 meters was classified as a clay loam with a Munsell
color designation o f gray. The sample taken at 4.22 meters was classified as a sandy
loam to a loam with a Munsell color designation o f dark greenish gray to black. Shells
were also present at this depth.
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DISCUSSION OF RESULTS

The paleogeographic reconstruction for the western Beteiha Plain began with an
identification o f the sample locations that contained special materials indicative o f
diverse environments and processes, such as pottery shards, Roman glass, microfossils,
and large clasts. Pottery shards and glass were most likely deposited into a bay or inlet
during a flood event. These floodwaters would have dropped certain sizes o f sediment as
it entered into standing water and velocity decreased.

Pottery shards were found at

sample locations 4, 8 ,1 1 ,1 3 ,1 4 , 15,19, 20,21, 22, and 26. Pottery found at locations 8
and 19 is most likely the result o f very recent depositional process including flood,
erosion from up river, and erosion from the Bethsaida archaeological site (Rosen, 1986).
The remaining locations contain sediment that indicates the presence o f a bay, inlet, or
backwater near the Bethsaida archaeological site and at the Jordan River inlet. Grain
sizes indicate relatively high amounts o f silt and clay at these locations, and sediment
colors that suggest high amounts o f organic matter that would have resisted
decomposition in an oxygen-poor environment.

PALEOGEOGRAPHIC RECONSTRUCTION; POSSIBLE INLETS.

Inlet Location One (Appendix D)
Sample locations 19, 20, 21, 22,23 24, and 26 represent an area that was most
likely an inlet o f antiquity. This landscape is highly influenced by the fluvial processes
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o f the Jordan River as well as lacustrine sedimentation in the past. It is improbable that
any soil forming processes have taken place at any o f these sites because o f the constant
erosion and deposition from the river, and subsequently not allowing a stable landscape
to be conducive to soil formation. Each o f the four sites containing pottery shards in the
upper meter o f sediments that include sandy mud at location 21 to 0.50 meter, and
location 22 to 1.0 meter, sandy silt at location 20 to 0.22 meter and muddy sand to 1.09
meters, and sandy silt at location 19 to 0.60 meter. The sediment at these depths most
likely represents a combination o f fluvial deposits as well as flood deposits, most likely
from the catastrophic flood o f January 19-23, 1969. This event brought large amounts o f
sediment into the system with the smaller sized sediment reaching the delta on the
northern edge o f the Sea o f Galilee. The sediment at sample locations 21 and 22 contain
higher clay content as shown by their classification as mud. This could be the result o f its
position in the channel where a quieter water/lower velocity o f water movement was
present and allowed a mud to form. Silt and sand are the major constituents at this depth
at sample locations 19 and 20. Floodwater velocities at location 19 could have been
slightly higher allowing sand to settle with silt settling out farther east on the plain at
location 19 when water velocity decreases even more. Artifacts such as pottery shards
can be eroded and transported as part o f the sediment load (Rapp and Hill, 1998). The
pottery shards present in this sediment were most likely picked up by floodwaters and
deposited downstream. Sediment colors at this depth are very dark grayish brown at
locations 20 and 22, and very dark gray at locations 19 and 21. These colors are most
likely the result o f a combination o f parent material, presence o f organic matter, and the
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amount o f oxygen available at the time o f deposition. The source o f the parent material
could be the basalts located in the Jordan River Gorge, which are dark in color. Organic
matter could also be picked up during a flood event and deposited as water velocities
decrease. As the floodwater moved over the Beteiha Plain it is possible it could have
picked up grasses and other natural vegetation present on the landscape. Also, the lack o f
oxygen caused by saturation o f the sediment could cause darker sediments to form.
The next sequence o f sediment consists o f muddy sand at locations 19, 21, and 22
and silty sand at location 20. These sands possibly represent the fluvial processes active
on the Beteiha Plain with the deposition o f sand and silt particles. The lighter colors o f
brown; dark grayish brown, dark yellowish brown, very dark grayish brown, and brown
indicate a well aerated area that is exposed to atmospheric conditions and not saturated.
Organic matter content has decreased as well.
The final sequence o f sediment indicates a lacustrine or bay environment. The
water table is evident in each trench and mottling is seen at sample location 19 and 21.
This indicates a fluctuation o f base level possibly resulting from the seasonal flooding
that occurs in the Jordan River catchment. Sediment color at location 19 is a dark gray,
which is consistent with water moving through the profile and removing the coatings o f
mineral grains leaving the natural uncoated grain possibly darkened by organic matter.
Location 21 colors still indicate a high amount o f organic matter. Location 20 gives the
strongest indication o f quiet water sediment as evidenced by its very dark gray/black
color. This muddy sand is most likely the remnant o f a bay or inlet. The water table is
located almost 1 meter below the top o f this sediment layer. This indicates that the lake
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level has receded since the deposition o f this sediment. Further evidence is the presence
o f small gastropod shells.
Sample locations 23 and 26 display mottling between 1.5 and 2.5 meters with
dark brown and dark grayish brown muddy and silty sands above. The depth o f the
mottles and presence o f the water table are consistent with the fluctuating lake level as
discussed previously. However, the absence o f gravels in both locations suggests that
both locations have sediment that was deposited in an environment o f low energy
environments near the Jordan River or the shoreline o f the Sea o f Galilee as evidenced by
the dominance o f sand at each site.
Sample location 24 contains a sandy mud at a depth o f 2.20 to 2.76 meters. This
mud is a very dark gray-blue clay that indicates a quiet water environment, probably a
transgressive phase o f the Sea o f Galilee. The absence o f water in the trench during
excavation indicates that this sediment was not the result o f an intersection with the water
table but a lacustrine feature on the paleolandscape.
Inlet Location Two (Appendix D)
Possible locations for an inlet also exist at sample locations 4, 5, 6, 8, 9, 10, 11,
12, and 14. Each o f these locations contains a layer o f gravel that is most probably the
result o f a flood event in which silt and gravel entered an area o f standing water.
Sample location 2 is located near the jungle vegetation around the Bethsaida
spring. Sandy mud and sandy silt dominate this location. All colors are dark gray to dark
brown. Mottles appear at 0.69 meter to 1.25 meters and the water table is present at 1.3
meters.
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These fine-grained, organic rich, sediments are most likely the result o f deposition
in a quiet water environment such as an inlet or backwater swamp. The low oxygen
environment and high organic matter content contribute to the dark color o f the sediment.
The mottling and presence o f the water table suggest seasonal fluctuation and possibly
previous inundation. Clay content increases until 3.65 meters where gravel, large pieces
o f vegetation, and other organic materials appear. This gives evidence o f a probable
flood event that deposited large amounts o f sediment and organic matter into a swamp or
inlet.
Sample location 4, located next to the Bethsaida spring, contains sandy silt in the
top 0.5-meter and mud to a depth o f 3.0 meters. Color changes from very dark grayish
brown in the top to black and very dark gray toward the bottom o f the trench. Pottery
shards and an unidentified bone were found in the black sediment and gravel found in the
lower portion o f the trench. This location was most likely part o f the inlet or backwater
swamp as shown by the high clay content and dark color o f the sediment. Flood deposits
are located in the bottom o f the trench. It is possible that some items have been eroded
from the tel (Rosen, 1986); however, the grain size o f the sediment suggests a quiet water
environment.
Sample location 5 displays a dark reddish brown clay loam to a depth o f 0.23
meters. This color is consistent with iron oxide coatings, a well-aerated soil, or a very
old soil. Because o f the depositional and erosional features o f the landscape an old soil is
not likely. This could also be evidence o f a leaching environment. From 0.23 to 0.70
meter there is a decrease in clay and silt content and a change to a very dark gray color.
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The color change could be caused by an increase in moisture. At 1.10 meters there is a
definite change to sediment that contains large and small rounded gravel. The sediment
color also changes to a dark yellowish brown, which could be attributed to the leaching o f
iron oxide coatings in the upper portion o f the soil. The large variation in gravel sizes
suggests that this is most likely a flood deposit.
Sample location 6 is located in ah open pasture area west o f Bethsaida. There is a
possible “A” horizon between the surface and 0.30 meters. The dark brown color
designation indicates the presence o f organic matter and the texture o f the soil is
consistent with a silt loam. This type o f soil could form in a pasture or grassy landscape
whose vegetation could be translocated through the soil profile. At a depth o f 0.30 to
0.70 meter the texture changes to loamy sand with gravel present. The source o f these
gravels could be fluvial or they could be materials eroded o ff the tel during precipitation
events. The dark brown color could indicate the presence o f organic matter or a result o f
the color o f the parent material that is basalt.
Larger rounded elastics occur at a depth Of 1.78 meters and are most likely the
result o f a flood event moving fluvial materials from farther upstream. Sand content
increased between 1.53 and 1.78 meters and an even greater increase between 1.78 and
2.26 meters. An increase in sand content could be the result o f fluvial processes or the
result o f weathering o f parent material. Some clay is still present at this depth.
Between 2.26 and 2.5 meters there is a marked increase in silt and a color change
to very dark grayish brown. This could represent a quiet water environment with a
decrease in the amount o f organic matter.
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Sample location 8 is situated just south o f the Bethsaida spring. Between the
surface and 0.35-meter there exists very dark gray sandy silt. Pottery shards and gravel
appear at 0.35 where color changes to dark brown. The gravel and pottery shards are
possibly 1969 flood deposits that were deposited upon older sediment eroded from the
tel. The older sediment has less organic matter and is therefore lighter in color that the
deposit above. Between 1.02 and 1.90 the color again changes to very dark grayish
brown while texture remains the same. There is gravel present at 1.36 meters as well as
possible calcic deposits (Shroder, 1994, personal communication). At 1.90 to 2.47
meters the color again changes to very dark gray. The abrupt color changes represent
changes in the depositional environment, which could include an increase in organic
matter, increase in moisture content, or change in sediment source.
Sample location 9 is located west o f Bethsaida in a pasture near the Jordan River.
The upper 1/3 meter contains sandy silt that is very dark grayish brown. Some gravel is
present probably resulting from flooding. Between 0.35 and 1.02 meters there is a color
change to dark gray and an increase in clay content. Gravel is also present in the lower
section o f this range. Between 1.02 and 1.69 meters there is a change from very dark
gray silt to light gray sediment between 1.69 and 2.10 meters. This is most likely
lagoonal sediment containing blue algae similar to the sediment in the Sea o f Galilee
(Inbar, 1994, personal communication). Water is also evident in the bottom o f the trench,
which indicates an intersection with the water table o f the Jordan River.
Sample location 10 was also taken from the pasture west o f Bethsaida. These
samples range from very dark grayish brown, silty sand between the surface and 0.86
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meter; dark yellowish brown, silty sand between 0.88 and 0.90 meter; and very dark
grayish brown, silty clay between 0.90 and 2.32 meters.
This location represents an area o f probable soil development in the upper 0.86
meter. This soil is most likely a sandy loam with an “E” horizon, where clay is being
moved down through the profile and the sand fraction is left behind. The next 2 layers
show a gradual sorting o f sand to gravel size particles. The lower part o f the trench (0.90
- 2.32 meters) contains an increase in silt and clay content as well as a very dark grayish
brown color. This represents the deposition o f sediment into quiet water as evidenced by
the increase in silt and clay. Some o f these sediments may have been translocated from
upper layers but the presence o f gravel indicates water movement.
Sample location 11 is another position on the pasture west o f Bethsaida. The
sediment from the surface to 0.65 meters is most likely a silt loam soil with an “A”
horizon that is very dark brown. The brown color is a result o f the organic matter
growing in the pasture. A transition is made at 0.65 meters to very dark grayish brown
silt that contains gravel and pottery shards. This sediment continues to 1.77 meters where
the gravel layer grades to silt that is very dark grayish brown. At 2.30 to 2.76 meters the
color changes to very dark gray and die clay content increases. These bottom three layers
o f sediment represent deposition o f materials via floodwater into a lagoon or inlet.
Location 14 is located west o f the tel in the vicinity o f the Bethsaida spring. Very
dark gray, sandy mud and shells are present from the surface to 0.5 meter. At this point
the color changes to very dark grayish brown and continues to 1.22 meters. From 1.22 to
2.0 meters the texture changes to silty sand, color changes to dark brown, and a mixture
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p f gravel, potshards, shells and Roman glass is present. The large amount o f clay in the
upper part o f the trench could represent a clay loam soil with an “E” and “B” horizon
where clay has been leached from one horizon and accumulated into the next. Below this
level appears to be a depositional area that could be the result o f erosion from the tel pr
the result o f floodwater moving at a velocity sufficient enough to carry sand, gravel, and
artifacts. The high sand content lends more validity to a flood event because one would
expect to find a larger silt fraction at the base o f a slope.
These data suggest the presence o f a lagoon or backwater area located west o f
Bethsaida as shown by the layer o f gravel that is consistent throughout the pasture area
samples. The gravel was most likely deposited by floodwater exiting the Jordan River
gorge and following the southeast trending tributaries that run into this depressional area
between the Jordan River and Bethsaida.

These gravels overlay clay and silt rich

sediments that are dark in color and rich in organic matter. Silt and clay content o f
samples taken from the pasture and near the Bethsaida spring and pool are consistently
greater than samples taken near the Jordan River. Sediment colors indicate climatic and
hydrologic conditions in this area. Very dark brown and black colors are all an indication
o f melanization due to organic matter content and wet or saturated sediment. Gray colors
indicate the removal o f mineral coatings and possibly a permanently high or stagnant
water table. The presence o f gastropod shells at locations 12 and 14 support the theory o f
quiet or slow moving water in the area. Moshe Inbar identified lacustrine sediments at
sample location 9 between 1.69 and 2.10 meters. These sediments were also overlain
with gravel deposited during a flood event.
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Possible Beach Area (Appendix D)
Sample location 3 consists o f very dark gray sand the entire depth o f the core with
gastropod shells throughout. The water table is present in this sample at approximately
0.60 meter. At one time this location was probably a beach or near shore environment.
The likelihood o f fluvial influence is decreased because o f the distance from the Jordan
River. Smaller streams would have deposited some silt and clay sized particles at the site
but this size clastic was almost completely absent. There is a possibility that a fluctuating
water table has translocated silt and clay sized particles but this would not account for the
presence o f gastropod shells throughout the entire core sample. The dark gray color o f
the sediment indicates that the mineral coatings on the grains have been removed because
o f the movement o f water in a beach environment.

SIMULATED DEPTH SLICES
As mentioned earlier, these simulated depth slices (Appendix E) were constructed
in order to display sediment textures by ranges o f depths at estimated times on the
landscape. This method yields a map view the possible paleogeography o f the area.
Although radiocarbon dating was conducted at sample locations 12 and 32 it is not
adequate for dating these sediments. Only relative dating has been done in this study.
Range 1
The depth o f Range 1 was 0.0 meter to 0.55 meter. Included in this range were
samples taken from sample locations 2, 3 ,4 , 5, 6, 7, 8, 9 ,1 3 ,1 4 ,1 5 , 16, 17, 19, 21, 23,
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31, and 32. Sandy silt, muddy sand, and sandy mud appear to dominate the northern end
o f the Beteiha Plain and to the west o f Bethsaida with an occurrence o f silty sand near the
Jordan River. Sandy mud is also evident near the Jordan River north o f the Sea o f
Galilee. Sandy silt is found at location 19 and sand is found near o f the edge o f the Sea
o f Galilee in the vicinity o f El Araj.
These sediment textures appear to represent fluvial processes close to the Jordan
River near Bethsaida with a shift to mud near the Bethsaida spring and pool. Sandy mud
is also present near the Jordan River and east o f the Sea o f Galilee. These muds could
represent the fine fraction o f flood deposits.
Sediment percentages indicate high amounts o f silt and clay just west o f
Bethsaida and at locations 19, 21, and 23. Location 3 and the northern locations near the
Jordan River display higher sand contents with very little clay.

Range 2
The depth o f Range 2 was 0.60 meter to 0.95 meter. This range included samples
taken from locations 2, 3, 5, 6, 7 ,1 0 ,1 1 ,1 9 ,2 3 , 26, 31, and 32. Again sandy silt seems
to dominate the region west o f Bethsaida along with silty sand at location 10 and muddy
sand at location 6. The southern portion o f the Beteiha Plain near The Sea o f Galilee
displays muddy sand at sample location 23, sandy silt at locations 19 and 26, and sand at
location 3.
Sediment percentages shift to a higher sand content west o f Bethsaida and at the
locations close to the Sea o f Galilee. The northern samples near the Jordan River have
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increased silt fractions as sand decreases. This could be the result o f drier conditions in
which affect sediment yield within the drainage system or as a result o f anthropogenic
influences (Waters and Nordt, 1995). As a result, sediment load in the channel would
increase and deposition o f silt and sand sized particles would be deposited and stored on
the floodplain. The deposition o f large amounts o f silt could also be the result o f floods
exiting the Jordan River Gorge and dropping sediment as it crosses the Beteiha Plain.
Range 3
The depth o f Range 3 was 1.00 meter to 1.14 meters. Included in this range are
samples taken from locations 2, 3 ,4 , 8, 9, 18,20, 21, 22, 24, 31, and 32. In this range
sandy silt is dominant west o f Bethsaida with mud found at location 2 and sandy mud
near the Jordan River at location 18. Sandy mud is also located near the Jordan River at
location 22 and east at location 24. Muddy sand is found along the Jordan River south o f
location 22 at locations 20 and 21. Sand is the texture o f sediment found at location 3
just north o f the Sea o f Galilee.
Silt content increases significantly in the northern samples west o f Bethsaida and
near the Jordan River. Silt and clay also increases in the southern samples, with a
sizeable increase in clay content. This most likely indicates the presence o f lacustrine
sediment in the possible bay area. Location 3 remains sandy which indicates its static
environment as a beach.
Range 4
The depth o f Range 4 is 1.20 meters to 1.55 meters. Included in this range are
samples extracted from locations 2, 5, 6, 8,12, 14, 15, 16, 18,19, 21, 25, 26, 31, and 32.
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There is an increase in sand just west o f Bethsaida at locations near the Jordan River and
southwest o f Bethsaida at location 6. Sandy mud is found very near the western edge o f
Bethsaida as well as sandy silt along the Bethsaida spring. Muddy sand is found along
the Jordan River area and near El Araj, with the exception o f silty sand found at location
21.

Sand seems to increase all locations. This may represent a fluctuating lake level
during a drier period when more sediment would have been moving through the
hydrologic system, thus lowering the lake level with an increase in sedimentation and a
decrease in water.
Gastropod shells are present in this range at sample location 31 as well as a few
ostracods and foraminifera indicating that this is probably the edge o f a quiet water
environment. Sample location 31 is located near a meander o f the Jordan River and was
most likely inundated during higher lake levels.
Range 5
Range 5 has a depth o f 1.58 meters to 1.87 meters. Sample locations included in
this range are 4, 6, 9, 11, 13, 15, 17, 20, 23, 31, and 32. Sandy mud is again present west
o f Bethsaida, as well as silty sand and sandy silt near the Bethsaida spring. Muddy sand
is also present at sample location 17, and silty sand at locations 20 and 23 near the Jordan
River inlet to the Sea o f Galilee.
Silt content increases in the sample locations west o f Bethsaida. Several o f these
locations also indicate a marked increase in clay. This may be indicative o f a backwater
area west o f Bethsaida and leading to the Jordan River.
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Location 31 contains evidence o f a lagoon with the presence o f shells,
foraminifera, and ostracods. A radiocarbon date established at this depth indicates an age
o f 3,450 +- 50 years.
Range 6
Range 6 is located at a depth o f 1.90 to 2.44 meters. Sample locations included in
this range are 2, 4, 6, 8, 9, 10, 11, 12, 14, 18, 31, and 32. Along with the silty sand and
sandy silt located west o f Bethsaida, there is still a pocket o f clayey sand located at
sample location 10 and muddy sand at location 4. Sand is found at location 6 southwest
o f Bethsaida. Locations 10 and 6 could indicate a lagoon or backwater area with sand
located where spring water enters into the lagoon.
Silt content has remained fairly consistent in the northern part o f Range 6 and
sand dominates locations 6 ,1 0 ,1 1 , and 18. High silt and clay content can still indicate
the presence o f a backwater or lagoon area.
Ostracods and foraminifera are abundant at sample location 31. Shells and shell
pieces are also present. Radiocarbon dating was conducted on a sample collected from
sediment located at 1.94 meters. The resulting date was 3,450 ±_ 50.
Range 7
Range 7 encompassed a depth o f 2.45-3.05 meters. Sample locations included in
this range are 6, 7, 8, 11, 12, 13, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 31, and 32.
Sandy mud and sandy silt appear to be the dominant sediment types closest to Bethsaida,
with silty sand occurring closer to the Jordan River. Muddy sand was found at locationl7
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and sandy silt at location 25. Closer to the Sea o f Galilee, near the Jordan River inlet, the
dominating sediment is muddy sand.
Silt and clay have increased at most locations upon the study area. This could
represent a time o f increased precipitation and higher lake level. At this time a bay and
inlet may have been present on the landscape.
Ostracods and foraminifera are present at sample location 31 as well as shells. This
indicates a quiet water setting such as a lagoon or backwater area. Gleization is present
at sample location 32, which probably indicates a fluctuating water level.
Range 8
Range 8 contains samples from locations 2, 12, 31 and 32 and encompasses depth
from 3.18 - 4.20 meters. Sandy mud, sandy silt, and muddy sand are all present west o f
Bethsaida near the spring and pool. Silty sand is located north o f this location at location
31.
Clay increases significantly at locations 2 and 32. These areas represent the
lagoon or inlet that was connected to the Sea o f Galilee. Sand and silt dominate locations
12 and 31, which may represent the edge o f the lagoon.
Ostracods and foraminifera are abundant at both locations 31 and 32. The colors
are dark grays and black. These data indicate a lagoon or inlet setting. A charophyte
microfossil is also present at location 32. This indicates the presence o f a bushy water
plant indicative o f quiet, fresh water.
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Range 9
Range 9 contains sediment form 4.47 - 5.72 meters. Sample locations include 31
and 32. Location 31 displays a gradation o f muddy sand to sandy silt to silty sand, and
location 32 is silty sand.
Clay and silt are present at both locations with silt and clay dominating location
32. As stated before, this most likely represents the lagoon or inlet that was present on
the landscape.
Ostracods and foraminifera are present at both locations 31 and 32 and sediment
colors ranging from dark gray to black all indicate a lagoon or inlet. A radiocarbon date
taken from location 32 at 4.22 meters has established a date o f 8,310 +- 65 years.
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Chapter VI
CONCLUSION

The objective o f this study was to reconstruct the paleogeographic change through
time o f the western Beteiha Plain through a stratigraphic analysis o f the sediment. Data
produced through this analysis consisted o f grain size, texture, color, and presence o f
microfossils, organic matter, potshards, and presence o f gravel. These data have been
used to locate areas Where a lagoon or inlet may have been located.
The results have shown that areas o f quiet and deep (>1-2 meters) water did
indeed exist in antiquity in the area o f the western Beteiha Plain in several locations.
West o f Bethsaida and east o f the Jordan River the sediment texture, color, presence o f
microfossils, gravel, and artifacts has helped to establish a lagoon or inlet that was
probably fed water from the Bethsaida spring. The remnants o f this lagoon are still
visible at the Bethsaida pool with the existence o f a possible anchorage. The presence o f
the pottery shards and glass in the sediments (Appendix D) at depths ranging from a few
centimeters to 4-5 meters close to Et Tel (Bethsaida) show clearly that an inlet or bay
existed deep into the Beteiha Plain in antiquity. The gravels that subsequently
completely filled in the bay provide strong evidence o f the catastrophic flood deposition
that brought an end to the bay. Such a flood, originally hypothesized by Shroder et al,
(2000) as a result the failure o f a seismically induced, slope failure dam and
impoundment in the upper Jordan gorge, appears to have occurred ~ 1900-1600 years
ago.
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Quiet water in the form o f a bay existed in the location where the Jordan River
enters the Sea o f Galilee. Sediment texture and color give evidence to an area o f quiet
water that continued inland. Beach sands were also established near the site o f El Araj.
These sands assist in identifying the margin o f the Sea o f Galilee.
A continuation o f this study could include the collection o f more samples from
these areas in order to better establish the outlines o f these water bodies. More
radiocarbon dates would assist in dating the sediment. Also, field sampling could be
done in order to determine the presence o f any soil horizons. A more detailed study o f
the anthropogenic tectonic, and climatic influence would also assist in determining how
much influence human occupation, precipitation, and earthquakes have had on the study
area.
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APPENDIX A
RESULTS OF GRAIN SIZE ANALYSIS
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SAMPLE LOCATION 11
DEPTH
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1.77
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2.76

SOILTEXTURE
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'
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DEPTH
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1.34
2.57
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SEDIMENT TEXTURE COLOR
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SOILTEXTURE
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BRO W N
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SILTY SAND

Co l o r

DARK GRAY
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VERY DARK GRAY
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DEPTH
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COLOR
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MUDDY SAND
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DARK YELLOWISH BROWN
VERY DARK GRAYISH BROWN

SOIL TEXTURE

SEDIMENT TEXTURE COLOR

SILI Y CLAY LOAM
SANDY LOAM

SA'NDY MOD

VERY DARK GRAYISH BRO W N

MUDDY SAND

DARK YELLOWISH BROWN

SAMPLE LOCATION 22
DEPTH
1.00
2 .5 2

SAMPLE LOCATION 23
DEPTH
.5 0
.9 5
1 .6 0
2 .5 0

SOIL TEXTURE

SEDIM ENT t e x t u r e

COLOR

CLAY LOAM
SANDY LOAM
SANDY LOAM

SANDY MUD
MUDDY SA N D
S IL 1 Y SA N D
MUDDY SA N D

DARK Y ELLO W ISH B R O W N
DARK GRAY
DARK B R O W N

SOIL TEXTURE

SEDIMENT TEXTURE

LOAM
LOAM
CLAY LOAM

SANDY MUD

DARK GRAYISH BRO W N

MUDDY SAND
SANDY MUD

VERY DARK GRAYISH BROWN
VERY DARK GRAY

SOIL TEXTURE

SEDIMENT TEXTURE

COLOR

SANDY LOAM
SA N D V LOAM

MUDDY SAND
SANDY SILT

VERY DARK GRAYISH BROW N
VERY DARK GRAYISH BROWN

SOIL TEXTURE

SEDIMENT TEXTURE COLOR

LOAM
SANDY LOAM
LOAM

SANUY SILI
MUDDY SAND
MUDDY SAND

SANDY LOAM

DARK GRAYISH BROWN

SAMPLE LOCATION 24
DEPTH
1.00
2 .2 0
2 .7 6

COLOR

SAMPLE LOCATION 25
DEPTH
1.20

2.60
SAMPLE LOCATION 2 6

DEPTH
.90
1.20
2.3 0

VERY DARK GRAYISH BROW N
d a r k G r a y is h b r d w n
BROW N
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SAMPLE LOCATION 31
DEPTH

SOILTEXTURE

SEDIMENT TEXTURE

COLOR

.50
.70
1.03
1.14
1.33
1.60

SILT LOAM
SANDY LOAM
SANDY LOAM
SILT LOAM
LOAM
LOAM
LOAM
LOAM
LOAM
LOAM
LOAM
SANDY LOAM
SANDY LOAM
SANDY LOAM
SANDY LOAM

SANDY SILT
SANDY SILT
SANDY SILT
SANDY SILT
MUDDY SAND
SANDY MUD
SANDY MUD
SANDY MUD
SANDY MUD
SANDY MUD
MUDDY SAND
MUDDY SAND

VERY
GRAY
GRAY
DARK
DARK
DARK
DARK
DARK
DARK
DARK

1.87
2.08
2.48
2.71
2.92
3.21

3.74
3.95
4 .2 0
4 .6 0
4.97

5.18
5.G4

MUDDY SAND-

SANDY LOAM

MUDDY SAND
MUDDY SAND
MUDDY SAND

LOAM
LOAM
LOAM

SILTY SAND
SANDY SILI

SANDY SILT

DARK GRAYISH BROW N

GRAY
GRAY
GRAY
GRAY
GRAY
GRAY
GRAY

VERY DARK GRAYISH BROW N
DARK GRAY
DARK GRAY

DARK GRAY
DARK
DARK
DARK
VERY

GRAY
GRAY
GRAY
DARK GRAY

VERY DARK GRAY

SAMPLE LOI1Al JON 32
SOIL TEXTURE

SEDIMENT TEXTURE

COLOR

SILI LOAM

SANDY SILT

ver y

SILT LOAM
SILT LOAM

SANDY SILT
SANDY SILT

SANDY SILT
SANDY SILT
SANDVSIIZl

3.18

SILI LOAM
SILT LOAM
SILI LOAM
SILI LOAM
CLAY LOAM
LOAM
LOAM
LOAM
LOAM

3.40

LOAM

3.69

SILT LOAM

4.01
T 47

LOAM
LOAM
I OAM

DEPTH
.43
.70
1.03
1.30
1.58

....... 178
1.84
2.22

2.48
2.68
2 99

5.08
5.72

s u m OAM

SANDY SILT
SANDY MUD
SANDY MUD
SANDY MUD
SANDY MUD
SANDY MUD
SANDY MUD
SANDY SILT
M U D D fJ iND
SANDY SILI

SANDY SILT
SANDY SILT

Da RK gray
VERY DARk GRAY
VERY
VERY
DARK
DARK

DARK GRAY
DARK GRAY
GRAY
GRAY

GRAY
GRAY
GRAY
GRAY
GRAY

GRAY
DAR < GRAY

DAR <"GREENISH GRAY
BLACK
BLACK
VERY DARK GRAY
VERY DARK GRAY
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A P P E N D IX B

SEDIMENT HISTOGRAMS
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SAM PLE LOCATION 5

SAMPLE LOCATION 2

■SAW

DEPTH

SAW

flsJLT
| CLAY

CLAY

SAMPLE LOCATION 6

SAM PLE LOCATION 3

AO
1.53
JO

so

x
)—
|SLT

LL
UJ

O
PERCENT

PERCENT

SAM PLE LOCATION 4

SAMPLE LOCATION 7

■

I SAND

PERCENT

PERCENT

sa n d
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SAMPLE LOCATION 11

SAMPLE LOCATION 8

k& N n

ICLAY

C
0

20

40

60

00

10

20

30

40

SO

60

70

100
PERCEN T

PERCENT

SAMPLE LOCATION 12

SAMPLE LOCATION 9

ISAND

0

20

40

60

90

CLA Y

0

20

40

60

80

100

PERCENT

PERCENT

SA M PLE LOCATION 13

DEPTH

SAMPLE LOCATION 10

| SAND

PERCENT

0

20

PERCENT

40

BO

80

100
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SAMPLE LOCATION 14

SAMPLE LOCATION 17

SAM)
■SLT
■

PERCENT

SAMPLE LOCATION 18

DEPTH

SAMPLE LOCATION 15

PERC EN T
PERC EN T

SAM PLE LOCATION 19

DEPTH

SAMPLE LOCATIN 16

0

10

20

30

40

SO

60

70

PERCENT
PERCENT

clay
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SAMPLE LOCATION 20

SAMPLE LOCATION 23

I SAND

DEPTH

ISAM)

0

20

40

60

0

80

10

20

30

40

50

60

70

PERCENT

PERCEN T

SAM PLE LOCATION 24
SAMPLE LOCATION 21

[ JEPTH

| SAND

0

1 0

20

30

40

50

10

GO

20

30

40

50

60

PERCEN T

PERCENT

SAM PLE LOCATION 25

SAMPLE LOCATION 22

| SAND

DFPTH

| SAND

10

20

PERCENT

30

40

50

60

0

10

PERCENT

20

30

40

50

60

70
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SAM P IE IOCATION 26

■ sand
|S L T
■clay

SAMPLE LOCATION 31
SO

33

.70
1 03

D EPTH

1.14
1.33
1.60
1.87
2 08
2.48
2.71
2.92
3 21
3.74
3.95
4.20
4.60
4 .9 7
5.18
5.64

I

’s a n d
SILT
CLAY

80

PERCENT
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SAMPLE LOCATION 32

depth

SAND
, IS IL T
Ic l a y

PERCENT
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APPENDIX C
STRATIGRAPHIC COLUMN WORKSHEETS

91

LEGEND
FILL PATTFRN R E PR E SE N T S SEDIMENT TYPE
Y E L L O W : S IL T Y
W H IT E S A N D Y
B L A C K : M UDDY

BACKGROUND COLOR R E P R E SE N T S MOIST MUNSELL COLOR

SA N D

GRAPHIC REPRESENTATIONS

SHELLS

SILTY SAND

MUDDY SAND

SANDY S3LT

i
*

ROMAN G LASS

POT SH A R D S

BONE
MUD
O stracod
SANDY MUD

m
L raB yJ
SILTV MUD

Foraminifera

BETEIHA PLAIN STUDY - SLP2
SAMPLE LOCATION 2
UNO-Bethsaida Excavation Project
! rench near Bethsaida spring jungle vegetation

Date
Method
Depth

: June 16, 1994
: Trench
: 3.65 Meters

W ater table et 1.3 m

SAMPLE DESCRIPTION
R ange, Soil T exture/S edim ent Texture,
M unse I Color Field N otes

C- 2C CLAY LOAM 'SANDY MUD, 5YR3/« very dark gray,
cley end orgenlc matter present
.20-.38 LOAM-SANDY SILT, 7.5YR3/2, dark brown.
| clay present_______
,38-.52 LOAM-SANDY SILT, 7.5YR3/2. dark brown.
,52-,69 SILT LOAM-SANDY SILT. 7.5YR3/2, dark brown,
I clay praset
.69-1.02 SILT LOAM - SANDY SILT, 7.5YR3/2, dark brown,
skins, red end black mottling

j day

1.02-1.25 SILTY CLAY LOAM-SANDY MUD, 7.5YR3/2, dark brown,
I increase in d a y content, moisture present

LO C A TIO N C O O R D IN A T E S
3 5 ° E 37* 3 8 .3 8 8 " 32* N 5 4 ’ 3 4 .8 4 8 '

S U R F A C E ELEV ATIO N
-2 0 0 .1 8 9 8 0 4
1.25-2.29 SILTY CLAY LOAM-SANDY MUD, 7.5YR3/2, dark brown,
increase in cley content, dark blue mottling

I 2.29-2.39 CLAY-SANDY MUD, 10YR3/1, very dark gray,
^fm e r grained, gradation to gray color___________________

2.39-3.25 SILTY CLAY-SANDY MUD, 7.5YR2/0, dark gray.

3.25-3.45 CLAY-SANDY MUD, 7.5YR2/0, dark gray
3.45-3.64 SILTY CLAY-SANDY MUD, 7.5YR2/0, dark gray,
organics present
3.64-3.65 CLAY-SANDY MUD. 7.5YR2/0. dark gray,
large pieces of vegetation/organic material, pebbles,
im permeable leyer_______________________________
4-
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BETEIHA PLAIN STUDY - SLP3
SAMPLE LOCATION 3
UNO-Bethsaide Excavation Project
Preliminary Probe et El Araj, beach ridge

Date
Method
Depth

: June 16, 1994
: Trench
: 3.0 Metere

grassy open area
W ater table et 0.60 meters

Depth

SAMPLE DESCRIPTION
Range, Soil Texture/Sediment Texture,
Munsell Color, Field Notes

Bethsaida

Meters
0.30 SAND-SAND, 10YR3/1, very dark gray

0.30-0.50 SAND-SAND, 10YR3/1, very dark gray, fossils, light
colored clastic grains
0.50-0.70 SAND-SAND, 10YR3/1, very dark gray, moist, fossils
0.70-0.80 SAND-SAND, 10YR3/1, very dark gray, moist, fossils
0.80-0.90 SAND-SAND, 10YR3/1, very dark grey, moist, fossils

5

0.90-1.00 SAND-SAND, 10YR3/1. very dark gray, moist, fossils

^

LO CA TIO N C O O R D IN A T E S
35° E 3 T 0 1 .2 0 0 " 32° N 5 3 ' 40.344*

S U R F A C E ELEVATION
-2 0 8 .7 4 0 7 6 8

2-

3-

4-
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6ETEIHA PLAIN STUDY - SLP4
SAMPLE LOCATION 4
UNO-Bell isaida Excavation Project
T rench next to Bethsaida Pool

Data
Method
Depth

: June 16,1994
: Trench
: 3.0 Meters

SAMPLE DESCRIPTION
Range, Soil Texture/Sedim ent Texture,
Munsell Color, Field Notes
Depth

In

D E S C R IP T IO N

Meters
0-0.55 SILT LOAM-SANDY SILT, 10YR3/2, vary dark grayish brown,
som e gravel, organics, plant roots

0.55-1.00 SILTY CLAY LOAM-MUD. 5YR2.5/1, black, gradation to
I blua clay
L O C A TIO N C O O R D IN A T E S
3 5 ° E 3 7 ' 3 7 .9 9 2 " 3 2 ° N 5 4 ' 3 4 .4 5 2 "
1.00-1.75 CLAY-SANDY MUD, 2.5YR2/0, black, bone located at 1.10,
Iron Age II sherd at 1.75

v= o

S U R F A C E ELEV ATIO N
-2 0 0 .2 9 5 2 4 2

*
1.75-2.CG CLAV- SANDY -IbD, 2.5YR3 J very da-k gray, -ojrvted
ar.d jngular bouldTS-cobbles

C L A S T IC M E A S U R E M E N T S
1 .0 0 - 2 0 0 M e te r s

0 .0 7 c m
1 8 .5
cm
2 4 .0
cm

4-
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BETEIHA PLAIN STUDY - SLP5
3AMPLE LOCATION 5
UNO-Bethsaida Excavation Project
Trench on southw est side nf Rethsaida

Method
Depth

. J u n e l/, 1994
: Trench
: 1.70 Motors

SAMPLE DESCRIPTION
Range, Soil Texture/Sedim ent Texture,
Munsel! Color, Field Notes
Depth
in
Meters

Bethsaida

D E S C R I P T IO N

0.0-023 CLAY LOAM, SANDY MUD, 5YR2.5/2, dark reddish brown,
surface material
023-0.70 SANDY CLAY LOAM-SANDY MUD, 5YR3/1, very dark
I gray, clay present

I 0.70-1.10 boundary between clay and gravel

Sea of Galilee

L O C A TIO N C O O R D IN A T E S
3 5 ° E 3 r 3 8 .1 7 2 " 32* N 5 4 ' 3 4 .6 6 8 "

1.10-1.70 SANDY LOAM-MUDDY SAND, 10YR4/4, dark yellowish
brown, gravel with small and large rounded clasts

S U R F A C E EL EV A T IO N
-2 0 0 .2 4 0 3 1 1

C L A S T IC M E A S U R E M E N T S

2-

3-

1 . 1 0 - 1 . 7 0 M e te r s

5 . 0 1c m
6 . 0 1c m
9 .0 c m
1 1 .0 c m
1 2 .0 c m
1 3 .0 c m
1 5 .0 c m
1 7 .0 c m
2 0 .0 c m
2 2 .0 c m
2 5 .0 c m
3 2 .0 c m
I.O c m
4 0 .0 c m
12.0 c m
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BETEIHA PLAIN STUDY - SLP6
SAMPLE LOCATION 6
UNO-Bethsaida Excavation Project
Southwest of Bethsaida in open pasture

D ata

June 17. 1994

Method

Trench

Depth

2 .5 M eters

SAMPLE DESCRIPTION
R ange, Soil T exture/S edim ent Texture,
Munsell Color, Field N otes

Bethsaida

I 0.0-0.30 SILT LOAM-SANDY SILT, 7.5YR3/3, dark brown, top of
I gravel layer

0.30-0.70 LOAMY SAND-MUDDY SAND, 7.5YR3/3, dark brown,
gravel present

Sea of Galilee

0.70-1.53 SANDY LOAM-SILTY SAND, 7.5YR3/3, dark brown, gravel
present
LO CA TIO N C O O R D IN A T E S
3 5° E 3 T 3 7 .8 8 4 " 3 2 ° N 5 4 ' 2 9 .9 5 2 '

S U R F A C E ELEVATION
-2 0 0 5 2 0 9 9 6
1.53-1.78 SAND-SILTY SAND, 7.5YR3/3, dark brown, bottom of
gravel layer, clasts rounded
1.78-2.26 SAND-SAND, 7.5YR3/2, dark brown, thin layer of sandy
clay

C L A S T IC M E A S U R E M E N IS
1 .7 8 1

I 2.26 SILT LOAM-SANDY SILT, 10YR3/2, very dark grayish brown,
| clay

2 .5 c n .
2 .5 5 c m
3 .0 c m
3 .5 c m
S.C c m
6 .8 c m

r&
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3ETEIHA PLAIN STUDY - SLP7
SAMPLE LOCATION 7
UNU-Bethsaida txcavatlon Project
W est of SLP5

Data
Method
Depth

.June 17, 1994
: Trench
: 2.45 Meters

SAM PLE D ESCRIPTION
R a n g e Soil 1 extu.ro/Sedim cru Tex1i.ro,
Murtsell Color, Field N ctes

Depth
in

Meters
.0 0.10 S IL ' LOAM, SANDY SILT, 10YR3/1, very dark gray, surface
xmatenal, thin
. or .
0.10-0.43 LOA\1-!.<UDDY SAND, 10VR3 4 dark yellow sh brown
gravel oreser, gradual gradation from clay to grave
0 .4 0 0 .6 3 LOAM-SANDY SILT '0YR3-6, dark y e l l o w s i brown, b ase
ot gravel layer top of new clay layep

I

.63-2.45 C^AY LOAM-SANDV MUC, 10YR3" , very dark gray, clay
j present

LO C A TIO N C O O R D IN A T E S
3S E 3 7 ‘ 3 9 .5 7 6 " 3 2 ° N 5 4 '3 3 .0 4 8 '

S U R F A C E ELEV ATIO N
-2 0 0 .1 3 4 0 1 8

C L A S T IC M E A SU R E M E N T S
2 .3 2

M e ie r s

3 .0 c m
2 .7 5 c m
3 .5 c m
4 .0 c m
6 .0 c m
9 .5 c m
1 5 .0 c m
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BETEIHA PLAIN STUDY - SLP8
SAMPLE LOCATION 8
UNO-Bethsaida Excavetion Project
South of Bethsaida Spring

Depth
In
Meters

uata
Method
Depttl

: June 1/. 1y«4
: Trench
: 2.47 Motors

SAMPLE DESCRIPTION
R an g e, Soil T ex tu re/S ed im en t Texture,
M unseli Color, Field N otes

0.0-0.35 SILT LOAM-SANDY SILT, 10YR3/1, very dark gray, surface
sam ple

0.35-1.02 SILT LOAM-SANDY SILT, 10YR3/3, dark brown, top of
apparent calcic layer, som e gravel present, pot sherd a t 0.40.
Lateral gravel et sem e depth. 10YR3/4 dark yellowish brown.

1.02-1.36 SILT LOAM-SANDY SILT. 10YR3/2, very dark grayish
brown, base of calcic layer, lateral gravel layer

LO C A TIO N C O O R D IN A T E S
3 5 ° E 3 7 ’ 3 6 .8 7 6 " 3 2 ° N 5 4 ' 3 2 .1 4 8 "

1.36-1.90 SILT LOAM-SANDY SILT, 10YR3/2. very dark grayish
brown

S U R F A C E ELEVATION
-2 0 0 .5 4 5 3 0 3

1.90-2.47 SILT LOAM-SANDY SILT, 10YR3/1, very dark gray, color
change apparent
C LA STIC M E A SU R E M E N T S
2 .3 2 M e te r s

2.0 c m
2 .5 c m
2 .7 c m

4-
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BETEIHA PLAIN STUDY - SLP9
SAMPLE LOCATION 9
UNO-Bethsalda Excavation Project
W est of Bell isalda near end uf pasture

D epth
in
M eters

Date
Method
Depth

: June 17,1994
: Trench
;2.1 Meters

j

SAMPLE DESCRIPTION
R ange, Soil T exture/S edim ent Texture,
Munsell Color, R eid N otes

0.00-0.35 SILT LOAM-SANDY SILT, 10YR3/2, very dark grayish
brown, clay with som e gravel

0.35-1.02 SILTY CLAY LOAM-SANDY SILT, 10YR3/1, very dark
gray, clay with som e gravel

1.02-1.69 LOAM-SANDY SILT, 10YR3/1, very dark gray, white clay,
very obvious color change

LOCATION COORDINATES
3 5 ° E 3 T 2 6 .6 8 8 " 32* N 54* 3 1 .0 3 2 "

S U R F A C E ELEVATION
-2 0 0 .3 2 8 6 9 0
1.69-2.10 SILT LOAM-SANDY SILT. 10YR7/1, light gray, white clay,
w ater in bottom of trench, lagoonal sediment similar to lake, possible
blue algae
2

-

3-
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BETEIHA PLAIN STUDY - SLP10
SAMPLE LOCATION 10
UNO Both soldo Excavation Project
Pasture sample w est of sample location 6

Date
Method

Depth

: June 17,1994
: i rencn
: 2.32 Metars

SAM PLE D ESCRIPTION
R ange, Soil T ex tu re/S ed im en t Texturo,
Munsell Color, Field N otes

0.86 SANDY LOAM-SILTY SAND, 10YR3/2, very dark grayish
brown, obvious boundary between soli horizons

0.88-0.90 SAND-SILTY SAND, 10YR3/4, dark yellowish brown,
ftbeg Inning of gradation to gravels
I 0.90-2.32 LOAMY SAND-SILTY CLAY, 10YR3/2, very dark grayish
I brown, gradation from finer gravel at top to larger clasts neer bottom

LO C A TIO N C O O R D IN A T E S
3 5 ° E ZT 3 4 .0 6 8 " 32® N 5 4 ' 2 8 .6 5 6 "

S U R F A C E ELEVATION
-2 0 1 .2 6 5 8 5 4

C LA S T IC M E A SU R E M E N T S
2 .3 2

M e te r s

5 .0 c m
6 .0 c m
6 .5
cm
7 .0 c m
9 .0 c m
1 2 .0 c m
1 3 .0 c m
1 4 .0 c m
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BETEIHA PLAIN STUDY - SLP11
SAMPLE LOCATION 11
UNO-BeU isaida ExuavaUun Project
Pasture sam ple w est of sample location 10

Date
Method
Depth

: June 17, 1994
: Trench
: 276 Meters

SAMPLE D ESCRIPTION
R an g e, Soil T e x tu re/S ed im en t Texture,
Munsell Color, Field N o tes

0.00-0.65 SILT LOAM-SANDY SILT, 10YR2/2, very dark brown, soil

0.65-1.77 SANDY LOAM-SILTY SAND, 10YR3/2, very dark grayish
brown, gravel end clay mixture

LOCATION COORDINATES
35° E 3 T 30.000 " 32° N 54* 30.636"

SU RFACE ELEVATION
•201.789948

1.77-230 SANDY LOAM-SILTY SAND, 10YR3/2, very dark grayish
brown, gradual change to higher silt content

2.30-2.76 SILT LOAM-SANDY SILT, 5YR3/1, very dark gray, possible
lacustrine sediment

4-
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BETEIHA PLAIN STUDY - SLP12
SAMPLE LOCATION 12
UNO-Bethseida Excavation Project
Open flew in Hayaraen perk

Date

Method
Depth

•.June 20,1994
: Trench
•. 2.96 Meters

All sam ples ere 1 meter below ground surface,
lop of field has been excavated._______

SAM PLE D ESCRIPTION
R an g e, Soil T e x tu re/S ed im en t T exture,
M unsell Color, Field N otes

Depth
in
Meters

a

0.00-0.30 SILT LOAM-SILTY SAND, 10YR2/2, very dark brown

0.30-1.04 SILT LOAM-SILTY SAND, 10YR2/2, very dark brown,
som e gravel present

LO C A TIO N C O O R D IN A T E S
1.04-1.59 SILT LOAM-SILTY SAND, 10YR3/2, very dark greyish
brown, higher clay content, color change evident

3 5 ° E 37- 3 2 .6 6 4 " 3 2 " N 5 4 ' 3 8 .8 4 4 "

S U R F A C E ELEV ATIO N
-2 0 0 .6 9 0 8 4 2
1.59-2.44 SILT LOAM-SILTY SAND, 10YR5/2, grayish brown, bottom
of gray clay, shells present 1.65-2.07

2.44-2.96 LOAM-SILTY SAND, 10YR4/4, dark yellowish brown, gritty
sand and silt, gravel at bottom, possible iron stains, reference sample
location 31, radiocarbon dete et 3.0 - 15,040 +- 170

C-14
3-

4-
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BETEIHA PLAIN STU D Y - SLP13
SAM PLE LOCATION 13
U N O -B ethsaida E xcavation P roject
P iu liu «ti e a ii i Hayai d en Pai k

Depth
In
Meters

Date
Method
Depth

: June 20,1994
: Trench
: 2.85 Meters

Bethsaida

S A M P L E D E S C R IP T IO N
R a n g e , S oil T e x tu r e /S e d im e n t T e x tu re ,
M u n se ll C o lo r, F ield N o te s

1 0 .0 0 -0 .5 0 SILT LOAM-SANDY SILT, 10YR3/2, very dark gray ish
I brow n, s o m e pot s h e rd s p resen t
S e a o f G alileo

1 0.5 0 -2 .8 0 SILT LOAM-SANDY SILT, 10YR3/1, very d ark g ray , d ark
I ciay, s o m e calcium ca rb o n a te

LOCATION COORDINATES
35° E 37' 31.512" 32° N 54' 33.516"
SURFACE ELEVATION
-201.297180

3 2.8 5 CLAY LOAM-SANDY MUD, 10YR5/2, grayish brown, to p o f
\c h a n g e to w hite gray d a y , Heilenistlc pot s h e rd s on bottom ______

4-
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6ETEIHA PLAIN STUDY - SLP14
SAMPLE LOCATION 14
UNO-Bethsaida Excavation Project
W est or Bethsaida

Date
Method

Depth

: June 20.1994
: Trench
: 2.0 Meters

SA M PLE D ESCRIPTIO N
R a n g e , Soil T e x tu re/S ed im en t T exture,
M unsell Color, Field N otes

Depth
in
Meters

1

0.00-0.50 CLAY LOAM-SANDY MUD. 10YR3/1, very dark gray, dark
cley with shells prasent

%
0.50-1.22 CLAY LOAM-SANDY MUD. 10YR3/2, very dark grayish
brown, top of a gravel layer

LO C A T IO N C O O R D IN A T E S
35* E 3 7 ' 3 7 .4 5 2 " 32® N 5 4 ' 3 4 .8 1 2 "

1.22-2.00 LOAMY SAND-SILTY SAND. 10YR3/3, dark brown, gravel,
Hellenistic pottery at 1.7, Roman glass et 1.8, Iron Age potteryand
shells et bottom of trench

S U R F A C E E L EV A T IO N
- 2 0 0 .3 4 1 7 6 6

%

• i

C L A S T IC M E A S U R E M E N T S
1 .4 0 M e te r s

0 .5 0
0 .7 0
1 1 .0
1 4 .0
1 7 .0
1 8 .5
2 2 .0
3 6 .0
3“

cm
cm
cm
cm
cm
cm
cm
cm
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BETEIHA PLAIN STUDY - SLP15
SAMPLE LOCATION 15
UNO-Bethsaida Excavation Project
N ear jungle next to Bethsaida Pool

Date
Method
Depth

: June 20,1994
: Trench
: 7.65 Meters

SAMPLE DESCRIPTION
Range, Soii Texture/Sedim ent Texture,
Munseli Color, Field Notes
Depth
in
Meters

D E S C R IP T IO N

0.00-0.52 CLAY LOAM-SANDY MUD, 10YR3/2, very dark grayish
brown, near surface sample

0.52-1.25 SANDY CLAY LOAM-SANDY MUD, 10YR3/1, very dark
gray, pottery or brick sherd et .70, increase in clay

1

LOCATION COORDINATES
35° E 37* 4 1 .844” 32° N 54* 35.136"

1.25-1.70 CLAY LOAM-SANDY MUD, 10YR4/1, dark gray, decrease
in moisture
- - - -

—
i-1.70-2.65 CLAY LOAM-SANDY MUD, 10YR6/1, grey, biue clay,
grainy, increase in moisture content

SURFA CE ELEVATION
-190.539474
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BETEIHA PLAIN STUDY - SLP16
SAMPLE LOCATION 16
l.iNO'Betheakla Excavation Project
Next to sew age treatm ent plant

Date
Method
Depth

: June 20. 1994
: Trench
; 2.57 Meters

Bethsaida

SAMPLE DESCRIPTION
Range, Soil Texture/Sedim ent Texture.
Munsell Color, Field Notes

0.00-0.45 SANDY CLAY LOAM-SILTY SAND. 10YR3/1, very dark
gray, near surface sample, grades to brown d ay

0.45-1.34 SANDY CLAY LOAM-SILTY SAND. 10YR3/2. very dark
grayish brown, brown d ay

LOCATION COORDINATES
35° E 37" 24.636" 32° N 5 4 ’ 31.824"

surface

1.34-2.57 SANDY CLAY LOAM-SILTY SAND, 10YR5/2, grayish
brown, bottom sedim ent mixture of white/gray and brown d a y

3-

4-

E l e v a t io n

-202.612091
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BETEIHA PLAIN STUDY - SLP17
SAMPLE LOCATION 17
UNO-Bethsaida Excavation Project
Open Held next tu banana plantation,

Date
Method
Depth

: June 20, 1904
; Trench
: 3.0 Meters

w est of Bethsaida

SAMPLE DESCRIPTION
Range, Soil Texture/Sedim ent Texture,
Munsell Color, Field Notes
D E S C R IP T IO N

0.00-0.46 SANDY LOAM-MUDDY SAND, 10YR3/2, very dark grayish
brown, near surfaca sam ple, rounded stones

0.46-1.64 SANDY CLAY LOAM-MUDDY SAND, 10YR3/1, very dark
gray

LO C A T IO N C O O R D IN A T E S

35® E 37* 2 5 .3 9 2 " 32° N 54* 22.140'

SU R FA C E ELEVATION
-203.331619
1.64-3.0 SANDY CLAY LOAM-MUDDY SAND, 10YR2/1, black,
increase in clay

4-
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BETEIHA PLAIN STUDY - SLP18
SAMPLE LOCATION 18
UNU-Bethsaida Excavation Project
Banana field sample

Depth
in
Meter*

Data
Method

Depth

: June 20,1994
: Trench
: 3.05 Meters

SAMPLE DESCRIPTION
Range, Soil Texture/Sedim ent Texture,
Munsell Color, Field Notes

0.00-1.00 LOAM-SANDY MUD, 10YR3/2, vary dark grayish brown

LOCATION COORDINATES
35° E 37' 17.143" 32° N 54' 23.976"
1.00-1.55 SANDY LOAM-MUDDY SAND, 10YR4/1, dark gray

SU RFA CE ELEVATION
-204.328445

1.55-2.25 SANDY LOAM-MUDDY SAND, 10YR6/3, pale brown

2.25-3.05 SANDY LOAM-SILTY SAND, 10YR4/4, dark yellowish
brown, white/gray clay at bottom.
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BETEIHA PLAIN STUDY - SLP19
SAMPLE LOCATION 19
UNO-Bethsaide Excavation Project
Near El Araj, trench on sand bank of

Dato

Method
Depth

Juno 21, NXM
Trench
2.63 Meters

1969 flood, possible lateral edge of estuary
W eter In trench et 2.5 meters

SAMPLE DESCRIPTION
Range, Soil Texture/Sedim ent Texture,
Munsell Color, Field Notes

0.00-0.60 LOAM-SANDY SILT, 10YR3/1, very dark gray

0.60-1.40 SANDY CLAY LOAM-MUDDY SAND, 10YR4/2, dark
grayish brown, increase In clay

LOCATION COORDINATES
35° E 36* 55.260" 32° N 53* 53.772"

1.40-2.63 LOAM-SILTY SAND, 10YR4/1, dark gray, white and gray
mottling at the bottom

3-

4“

SURFA CE ELEVATION
-206.766495
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BETEIHA PLAIN STUDY - SLP20
SAMPLE LOCATION 20
UNO-Bethsaida Excavation Project
Pasture near El Araj

Date

: June 2 1 ,1 9 9 4

Method

: T rench

Depth

: 2.70 M eters

Possible lagoonal sediment
W ater table at 2.40 meters

D epth

SAM PLE D ESCRIPTION
R an g e , Soil T e x tu re/S ed im en t Texture,
M unsell Color, Field N otes

in
M eters

I 0.22 SILT LOAM-SANDY SILT, 10YR5/3, brown, sandy, near surface
j sam ple
0.22-1.09 LOAMY SAND-MUDDY SAND, 10YR3/2, very dark grayish
brown, brown clay

LOCATION COORDINATES
1.09-1.62 SANDY LOAM-SILTY SAND, 10YR4/3. brown

35° E 36* 48.348" 32° N 53* 55.860"

SURFA CE ELEVATION
1.62-2.70 SANDY LOAM-MUDDY SAND, 10YR3/1, very dark gray,
.............................
black/blue clay,shells at 2.70,

3-

4-

-206.085327

Ill

BETEIHA PLAIN STUDY - SLP21
SAMPLE LOCATION 21
UNO Bothsoido Excavation Projoot
Pasture sample near El Araj, near Jordan River

Dete

: J u n e 21, 1&&4

Mo II haJ

. T iw r J i

Depth

: 2.48 M eters

Possilbo sodimont from 1069 flood
W ater table at 2.48 meters

SAMPLE DESCRIPTION
R ange, Soil Texture/Sedim ent Texture,
Munsell Color, Field Notes

0.50 SILTY CLAY-SANDY MUD, 10YR3/1, very dark gray, near
I surface sample

J 0.50-1.10 LOAM-MUDDY SAND. 10YR3/2, very dark grayish brown,
5shells present in upper meter

LOCATION COORDINATES
1.10-1.20 SANDY LOAM SILTY SAND, 10YR4/4, dark yellowish
__________________________
kbrown
1.20-2.48 SANDY LOAM-MUDDY SAND, 10YR3/2, very dark grayish
brown, mottled gray and white clay

35° E 36’ 44.424" 32° N 53’ 55.032"
SURFACE ELEVATION
-206.292221

3-

4-
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BETEIHA PLAIN STUDY - SLP22
SAMPLE LOCATION 22
UNO-Bethsaida Excavation Project
Pastura sam ple near El Araj

Depth
In

Date
Method
n«p*h

.Jim* 21,1894
: Trench
• ? S ? U a tn ra

SAMPLE DESCRIPTION
R ange, Soil T exture/S edim ent Texture,
Munsell Color, Field N otes

M eters

I 1.00 SILTY CLAY LOAM-SANDY MUD, 10YR3/2, very dark grayish
I brown, pottery sherds

1.00-2.52 SANDY LOAM-MUDDY SAND, 10YR3/4, dark yellowish
brown, brown/gray clay

LOCATION COORDINATES
35° E 36' 47.052" 32* N 53' 59.856"
SURFACE ELEVATION
-206X 51218

2-

4-
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BETEIHA PLAIN STUDY - SLP23
SAMPLE LOCATION 23
UNO-Bethsaida Excavation Project
Sample near El Araj, m ost likely in the

Date

: J u n e 21, 1994

Method

: T rench

Depth

: 2.50 Metere

middle of a linear feature
W ater table at 2.50 meters

SAMPLE DESCRIPTION
Range, Soil Texture/Sedim ent Texture,
Munsell Color, Field Notes

0.50 CLAY LOAM-SANDY MUD. 10YR3/4. dark yellowish brown,
g S j sandy clay

0.50 - 0.95 SANDY LOAM-MUDDY SAND, 10YR4/1, dark gray

0.95 - 1.60 SANDY LOAM-SILTY SAND. 10YR4/3, dark brown,
darker clay

L O C A TIO N C O O R D IN A T E S
3 5 ° E 36* 5 5 .0 0 8 ” 3 2 ° N 54* 0 1 .4 4 0 "

S U R F A C E ELEV ATIO N
-2 0 6 .4 8 4 0 3 9
1.60-2.50 SANDY LOAM-MUDDY SAND. 10YR4/1. dark grayish
brown, grey and brown mottles, water table present
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BETEIHA PLAIN STUDY - SLP24
SAMPLE LOCATION 24
UNO-Bethsaida Excavation Project
3aniple neai El Aiaj, possible Ilneai feature

D epth

Date

: June 21, 1994

M ethod

: T rench

Depth

; 2.76 M eters

SAMPLE DESCRIPTION
Range, Soil Texture/Sediment Texture,
Munsell Color, Field Notes

In
M eters

1.00 LOAM-SANDY MUD, 10YR4/2, dark grayish brown

1.00-2.20 LOAM-MUDDY SAND, 10YR3/2, very dark grayish brown,
gradation to darker brown

LO CA TIO N C O O R D IN A T E S
3 5 ° E 3 T 1 3 .8 3 6 " 3 2 ° N 5 3 ’ 5 7 .3 7 2 "

S U R F A C E ELEVATION
-2 0 6 .1 6 2 8 8 8

2.20-2.76 CLAY LOAM-SANDY MUD, 5Y3/1, very dark gray, blue
I clay

3-

4-
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BETEIHA PLAIN STUDY - SLP25
SAMPLE LOCATION 25
UNO-Bethsaida Excavation Project
Pooturo noor El Araj, llnoor footure

Depth

in
Meters

Deta

: June 2 1 .1 9 9 4

Method

: T rench

uepm

: 2.bU M eters

SAMPLE DESCRIPTION
R ange, Soil T exture/S edim ent Texture,
Munsell Color, Reid N otes

1.20 SANDY LOAM-MUDDY SAND. 10YR3/1. very dark gray

LOCATION COORDINATES
35° E 37* 14.124" 32° N 54' 12.312"
1.20-2.60 SANDY LOAM-SANDY SILT, 10YR3/2. very dark gra*rish
brown, mottling present, possible carbonate concretions, no distinct
boundary between sam ples

SURFACE ELEVATION
-205.406891

3-

4“
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BETEIHA PLAIN STUDY - SLP26
SAMKLb LUtJA IIUN 2b
UNO-Bethsaida Excavation Project
South of Betheaida, pottery In upper meter

D epth

D ale

: June 2 1 ,1 9 9 4

Method

: T rench

Depth

. 2.00 M '.U *

SAMPLE DESCRIPTION
R ange, Soil Texture/Sedim ent Texture,
Munsell Color, Field Notes

in
M e te r*

0.90 LOAM-SANDY SILT, 10YR3/2. very dark grayish brown, sandy
j texture

S ea or Galilee

0.90-1.20 SANDY LOAM-MUDDY SAND, 10YR4/2, dark grayish
brown, gradation from sand to fine, mottles present
LO C A T IO N C O O R D IN A T E S
3 5 ° E 37* 2 4 .6 3 6 " 3 2 ° N 53* 4 5 .3 8 4 "

1.20-2.30 LOAM-MUDDY SAND, 10YR4/3, brown, gray/green
mottling, w ater present, gradation from fine to coarse

S U R F A C E E L EV A T IO N
-2 0 7 .3 5 6 6 4 4

3“

BETEIHA PLAIN STUDY - SLP31
SAMPLE LOCATION 31
UNO Bothcaida Excavation Projoot
Open field In Hayarden Park, drill done by

Date

M
eUwd
Depth

.July 4, 1994
. Deep Cme
: 6.00 Meters

Page 1 of 2

Moshe Inber, boulders end cobbles rare on
surfece end upper meter

Depth

In

SAMPLE DESCRIPTION
R an g a, Soil T exture/S edim ent Texture,
Munsali Color, Fiald N otas

M eters

0.50 SILT LOAM-SANDY SILT. 10YR3/2, very derk grayish brown,
brown day, little mottling

Sea of Galilee

0.50-0.70 SANDY LOAM-SANDY SILT, 10YR3/2, vary dark grayish
brown, mora gray mottling
0.70-1.03 SANDY LOAM-SANDY SILT, 10YR3/2, very derk grayish
I brown. Increase in grey mottling

LOCA TIO N C O O R D IN A T E S

| 1.03-1.14 SILT LOAM- SANDY SILT.10YR4/1, dark gray, shells,
gastropods present________________________________________
1.14-1.33 LOAM-MUDDY SAND, 10YR4/1, dark gray, shalls.

3 5 " E 37" 3 2 .6 6 4 ’ 32 " N 5 4 ’ 3 8 .8 4 4 "

1.33-1.60 LOAM-SANDY MUD, 10YR4/1, derk gray, gravels present,
som e shells still p re s e n t, lerge snail shell,
rv*
few o straco d s and foramlnlfera present.__________________________
1.60-1.87 LOAM-SANDY MUD, 10YR4/1, dark gray, gravels present,
som e shells still present
1.87-2.08 LOAM-SANDY MUD, 10YR4/1, derk grey, sam e es ebove
2.08-2.48 LOAM-SANDY MUD, 10YR4/1, LOAM- SANDY MUD,
10YR4/1, derk grey, Increase In red, Iron stains, shells present
abundent ostrecods present, few foramlnlfera.

U

2.48-2.71 LOAM-SANDY MUD, 10YR4/1, dark grey, more iron stains, gV ^
shells p r e s e n t, abundant ostracods presant, few foramlnlfera.
^
2.71-2.92 LOAM-MUDDY SAND, 10YR3/2, very derk greyish brown,
sand end w ater present, fewer iron stains

abundant pstracflds. ffiw.foraminlfera present.,,
2.92-3 2 1 SANDY LOAM-MUDDY SAND, 10YR4/1, dark gray, wet
send, clay and shells prasent, possible weak wave environment
ostracods and foramlnlfera prasant.
3.21-3.74 SANDY LOAM-MUDDY SAND, 5Y4/1, derk gray, fine send
ostracods and foramlnlfera prasent.

3.74-3.05 SANDY LOAM-MUO ' ‘ AND. 5Y4 1 dark gi
above, ostracods and foramlnifara prasant.

.im.> 3!

L—J

[J

S U R F A C E ELEVATION
-2 0 0 .6 9 0 8 4 2

BETEIHA PLAIN STUDY - SLP31
3AMPLE LOCATION 31
UNO-Bathsaida Excavation Project
Open field In Hayarden Perk, drill dona by

Date
Method
Depth

July 1, 1901
Deep Core
6.00 Meters

Moshe Inbar. boulders and cobblas rare on
surface and upper metar

Depth
In

SAM PLE D ESC R IPT IO N
R en g e , Soil T e x tu re /S e d im e n t T exture,
M unsell C olor, Field N otes

M eters

3 .9 5 4.20 SANDY LOAM MUDDY SAM* bY4." dark jray, to m e
L J
brown p re s e n t, s a m e a s above o strac ods a r d foram in fere p re s e n t^
4.20-4.60 SANDr JDAM-MUDDY SAND 5Y4/1, dark gray, more c'ay
present o s ir e c jd s p r e s e n t
^ j

4.60-4.97 LOAM-SANDY SILT, 5Y4/1, dark gray, sam e a s abova
ab u n d an t o stra c o d s few foram inifera present.

4.97-5.1 B LOAM-SILTY SAND, 5Y3/1, vary dark gray, dark cley
few o stra c o d s and foram lnifara prasant.
5.18-5.64 LOAM-SANDY SILT, 5Y3/1, very dark gray, derk cley
o strac o d s end foram inifera present.

7 “

B-

CJ
u
L J

11

EU
U

Page 2 of 2
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BETEIHA PLAIN STUDY - SLP32
SAMPLE l u C a i iu n S t
UNO-Bethseide Excavation Project
P asture sample neirt tn mart, drill done hy

Date
M ethod
Depth

July 4.1994
Deep Core
C.00 Mvlnli

Page 1 of 2

Moshe Inber
W eter table et 1.66 meters

SAMPLE DESCRIPTION
Ranga, Soil Taxture/Sedim ant Texture,
Munsell Color, Field Notes

Depth

in
M eters

0.43 SILT LOAM-SANDY SILT, 5YR3/1, vary dark gray, dark brown
clay

0.43-0.70 SANDY LOAM-SANDY SILT, 5YR3/1, vary dark gray,
sam a a s abova
0.70-1.03 SILT LOAM-SANDY SILT, 5YR3/1, very dark gray,
carbonates present
L O C A TIO N C O O R D IN A T E S
1.03-1.30 SILT LOAM- SANDY SILT.10YR3/1.vary dark gray.day
3 5 ° E 37* 2 6 .6 8 8 " 3 2 ” N 5 4 1 3 1 .0 3 2 '

%
1.30-1.58 SILT LOAM-SANDY SILT, 10YR4/2, dark gray

S U R F A C E ELEVATION
-2 0 2 .3 2 8 6 9 0

1.58-1.78 SILT LOAM-SANDYSILT, 10YR4/2, dark gray, moisture
present
—

1.78-1.84 SILT LOAM-SANDY SILT, 10YR5/1, gray, Radiocarbon
Uarnpia takan at 1.94 metars - 3,450 +- 50.
1.84-2.22 CLAY LOAM-SANDY MUD, 10YR6/1, gray, lighter

C~14 /

. ------ 2.22-2.48 LOAM-SANDY MUD, 10YR6/1,grey. som e iron stains, d ay

2.48-2.68 LOAM-SANDY MUD, 10YR6/1,gray. more Iron stains
2.68-2.99 LOAM-SANDY MUD, 5YR5/1,gray, glaization (green stains)

2.99-3.18 LOAM-SANDY MUD, 5YR4/1,gray, glaization (green stains)
3.18-3.40 SANDY LOAM-MUDDY SAND. 5Y4/1,derk gray, fine sand
som e ostracods and foraminifara.
3 40-3 63 SILT LOAM-S4NDY SILT 5GY4/1 daik g-eenish gray.
sand p resen t, som e ostrecods end foramlnlfera.
3 63-4 01 SANDY —AM-VUODY SAND. 5Y2.5'1, black sane ind
shells present, Radiocarbor date taken at 4.22 motors
t som e ostracods and foram.mfera.

d

f

1

f

1

r

BETEIHA PLAIN STUDY - SLP32
SAMPLE LOCATION 32
UNO-Bethsaida Excavation Project
Pasture sampla next to road, drill done by

Date
Method
Depth

: July 4. 1994
: Deep Cora
: 6.00 Meters

Moshe Inbar
W ater table at 1.00 m eters

SAM PLE D ESCRIPTION
R an g e , Soil T e x tu re/S ed im en t T exture,
M unsell Color, Field N o tes

Depth

In
M eters

4.01-4.47 LOAM-SANDY SILT. 5Y2.5/1, black, sand and shells
p resent R adiocarbon d ate at 4.22 m a ters - 8,310 + -6 5 ,
ab u n d an t foram inifara and o straco d s.

i

'■»
C-14

LJ

4.47-5.08 LOAM-SANDY SILT, 7.5Y3/0, vary dark gray, sand and
clay F e w fo ram in ifera a n d o s tra c o d s , R o m a n g la s s .

\(\
5.08-5.72 LOAM-SANDY SILT, 7.5Y3A). vary dark gray, sand and
d a y F o ram in ifera a n d a few o s tra c o d s .

LJ
*

LJ
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APPENDIX D
CARTOGRAPHIC OUTPUT

122

Locations of lacustrine sediment near the
Sea of Galilee
based on grain size.

500

■'* L a c u s t r i n e S e d i m e n t

M e te rs
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Locations of lacustrine sediment near Bethsaida
based on grain size
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16
32/9

0
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200

400

600
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N

6

L a c u strin e S e d im e n t
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Location of probable beach area
determined by dominant sand sediment texture.

40C

•

S and

400

300

Iv le te rs

A
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Location of Gravel

c

9°o

8oo
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0

#

gravel

200

400
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M e te rs

6

N

Location of PotteryShards
and RomanGlass
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300
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Location of Shells
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APPENDIX E
DEPTH SLICES/RANGES

129

Range 1 - Surface to 0.55 Meters

14/5/4/2
* ,15

Texture
sand
silty sand
muddy sand
sandy silt
sandy mud

0

200 400 600

s

M eters
n

A

130

Range 1
Sand, Sill and Clay
Percentage;;

31 14/5/4/2
13 I 715
\

400

800

<

9

8

'

6

7

1200 Meters

Percentages
sand

snt
clay

A

Range 2 - 0.60 to 0.95 Meters

Texture
sand
siity sand
muddy sand
sandy silt
sandy mud

0

20 0 4 0 0

600 M eters

N

A

132

Range 2
Sand, Silt and Clay
Percentages

32* « r

t

11 10
in 6

Is 2 6

300

600

900 Meters

Percentages
sand
silt
clay

A

133

Range 3 - 1.00 to 1.14 Meters

T exture
sa n d
silty sa n d

0

300

600

M eters

m uddy s a n d

a

sa n d y silt

lL

mud
sa n d y m ud

134

Range 3
Sand, Silt and Clay
Percent aqes

0

100 600 8GC- Meters

13b

Range 4 -1 .2 0 to 1.55 Meters

31/12
14/5/2

~]”© X tU f©

silty sand
muddy sand
sandy silt
sandy mud

0

20 0 4 0 0 6 0 0

M eters

n

»

V

Range 4
Sand, Silt and Clay
Percentages

1

fm

0

300

600

900 Meters

Percentages
1

TSC

1 sand

1-4

silt

A

clay

137

Range 5 - 1 . 5 8 to 1.87 Meters

T6xtu f©
#
#
#
#

silty sand
muddy sand
sandy silt
sandy mud

^

200 4 0 0

600

M eters

a

/k

138

Range 5
Sand, Silt and Clay
Percentages

300

600

900 Meters

Percentages
sand
silt
clay

N

A

139

Range 6 - 1 . 9 0 to 2.44 Meters

31/12
14/4/2

Tsxture

sand
silty s a n d
nuddy sand
sandy silt
sandy mud
c la y e y s a n d

0

200 400 600 Meters
N

A

140

F ange 6

Sand, Silt and Clay
Percentages

300

600 Meters

P e rc e n ta g e s
san d

silt
•

clay

A

141

Range 7 - 2.45 to 3.05 Meters

31/12

Texture

o

30 0

600

H S B S S iiJ

silty sand
muddy sand
sandy silt
sandy mua

M eiers
N

a

k
^

142

Range 7
Sand, Silt and Clay
Percentages

3 1/1 2

17

300

0

300

600 Meters

P e rc e n ta g e s
san d

silt
clay

^

143

Range 8 - 3 . 1 8 to 4.20 Meters

31/12
2
32
\

r

Texture
silty sand
muddy sand
sandy silt
sandy mud

o 200 400 600 800 Meters
A
/k

144

Range 8
Sand, Silt and Clay
Percentages

31)12

300

600 IVetore

P e r c e n ta g e s
I

I sa n d
silt
c la y

^

Range 9 - 4.47 to 5.72 Meters

Tfiyturfi

0

300

600 Mctsrs
n

silty sand
muddy sand
sardy silt

a

jJL

146

Range 9
S a n d , Silt a n d C lay
P ercentages

0

300

600 Meters

P e r c e n ta g e s
- 1

sa n d

m
cla y

A

147

APPENDIX F
LINE TO POINT AVENUE SCRIPT
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'Line2Point.ave
'Teresa Silence, ADC,Inc.

System.SetEnvVar("HOME","c:/windows/temp")

'***** d e t e r m i n e VIEW
theView = av.GetActiveDoc
if (theView = nil) then
theView=theView.Make
else
theAnswer = MsgBox.MiniYesNo("Do you want to use the current view?",
TRUE)
if (theAnswer = FALSE) then
theView=View.Make
theWindow = theView.Getwin
theWindow.Open
end
end
'***** p r o m p t USER FOR CROSS SECTION COVERAGE
srcnames = SourceDialog.ShowClass("Select the cross-section coverage.",
FSrc)
for each name in srcnames
theCrossFTab = FTab.Make(name)
end
'*****m a KE A NEW FTAB FOR THE POINT COVERAGE
pntOutputl = FileName.Make("$HOME")
pntOutputl.SetExtension("shp")
pntFTab = FTab.MakeNew(pntOutputl,POINT)
'* * * * * a D D FIELDS FROM THE CROSS SECTION THEME TO THE NEW POINT FTAB
thefields=theCrossFTab.GetFields
thefieldlist={}
thefieldnamelist={}
for each f in thefields
if ((f .AsString="Shape") .Not) then
thefieldname=f.AsString
thefieldtype=f.GetType
thefieldwidth=f.GetWidth
thefieldprecision=f.GetPrecision
thefieldlist.Add(Field.Make(thefieldname,thefieldtype,thefieldwidth,the
fieldprecision))
thefieldnamelist.Add(thefieldname)
end
end
pntFTab.AddFields(thefieldlist)

»*****C0NVERT THE LINES IN THE CROSS SECTION TO POINT AND POPULATE THE
POINT FTAB
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thePolyShape = theCrossFTab.FindField("shape")
thePointShape = pntFTab.FindField("shape")
for each rec in theCrossFTab
thePointList = theCrossFTab.ReturnValue(thePolyShape,
rec).AsMultiPoint.AsList
for each item in thePointList
newPntRec=pntFTab.AddRecord
pntFTab.SetValue(thePointShape,newPntRec,item)
for each item2 in thefieldnamelist
theValue =
theCrossFTab.ReturnValue(theCrossFTab.FindField(item2),rec)
pntFTab.SetValue(pntFTab.FindField(item2),newPntRec,theValue)
end
end
end
thePointFTheme = FTheme.Make(pntFTab)
theView.AddTheme(thePointFTheme)

